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Advanced Micro Devices provides high-performance microprocessors for personal 
computer manufacturers. 


This data book details all 80X86 processors and coprocessors produced by AMD, 
including the 32-bit AmM386™ Microprocessor Family, NUOS and CMOS 16-bit 
80286 Family, Am286™ ZX/LX integrated microprocessors, 8-bit 8086 and 8088, 
and CMOS 80287 math coprocessors. Also included in this book is a system 
integration guide highlighting other AMD PC-related products. 


Am386 microprocessors are the fastest available, with 40 MHz on the Am386DXL 
microprocessor and 25 MHz on the Am386SXL microprocessor. We also offer 
microprocessors optimized for notebook applications. 


Remember, our partnership helps you gain and keep the competitive edge. We 
are not your competition. 


Bob McConnell 
Vice President 
Personal Computer Products Division 


eee NE a TSS er SSS SSS SSS hss Sips pS SSS nn vOSSUPEs 


introduction iii 


Pa | AMD Personal Computer Microprocessors 


PERSONAL COMPUTER MICROPROCESSORS 


DATA BOOK 
TABLE OF CONTENTS 

Chapter 1 Microprocessors 

S006; Pala SNECE ie a5 we eka are eee hale Bah aia aes ee ne a a eee ee we 1-3 
BU SB Data SCC ects kta ante ead a he hoe Ge doa ee eed erate 1-34 
80286 Datla Sheet cs. ce-ce ohio wedi oe elie ed es BLOG od i es A Se 1-66 
SOG2ZS6 Data SHOCE  dcccecteey hb 8 Sele naricacd. Ou ate oes Oe athe boa ee ee HE Oh eS 1-125 
SOL286 Data SheCt Awake ee esi areas oa eee ee eRe be RSA AS See 1-137 
AMZB6Z XIX Dale SOC! icc ece hss toed ae Giger thw Sire deb ee A a Oe ee ae SS 1-150 
AINgS6DX Datla. Sheet. 2.22 3.hercs oes ciicowe amuse SOW eee 6 8 ee Eee a 1-196 
AMSS6SX (Data SHESl ces. c ini bated acy, € 4 aoe aca ee Ged, Hae Goma eee ha Bete ars 1-333 
AIMSBGDXILV Dale SCC sx wtb Bs eve Oe san Hie ed 558 hace bas a a ea a Rahs ae ws 1-427 
AMSS6SXKEV Datla Sheet -sa cetera eb ab 5G ss ee ao a i a ie be a eee 1-450 
AMSS6DX: Data Sneel: «.dc-e0 weg ddwiansce Abs-o-ack d oe es Bane ew Dk eee thd Sided: Onan So hd 1-472 
AIMSBOSX Data SNCs: © 2 se die MES A Hie avnvn Rept. G 08 Sede Bae de UG Rie G e RGA e 1-495 
AMD: 60C2Z67" Data Sie Gl i-th 85. aaa 45 oie bank toe a ae eee aban Rete ase dab tome Ngee ds 1-511 
AMDBOEG207 Data SiCCT oi.icte W cacy ee wok agius ech, wcataneeeBdp eee aoe Ble enh iececatd ewes & bnuatoe lal 1-522 
Chapter 2 General Information 

Thermal: Characteristics: s..2 o.i:4.0..68.cdsce nen ieee aioe too ee eee dbebadeed ab edie dpe ale 2-3 
TapePak Application NOI. 2é.cnGud pak Qaees ere hh Mi ee Se eh ae ee 2-4 
FAYSICAL DIMGRSIONS 4 estan S44, bee lee en eR Wal na iae's ahs Satie ee ae Pe eS ed 2-11 
SUDDOR LCI AUT: 2523 itd eh Cae ew awe ae ae mekewesa tea bees i suk athens 2-23 


iv Table of Contents 





Personal Computer Microprocessors AMD P| 


SYSTEM INTEGRATION 


The AmM386DX and Am386SX microprocessors are 32-bit microprocessors that form the basis for high-performance 
32-bit systems. Both processors incorporate multitasking support, memory management, pipelined architecture, 
address translation caches, and a high-speed bus interface on a single chip. 


The low-power versions of these microprocessors, the AM386DXL CPU and Am386SXL CPU, offer innovations 
in performance and battery life. These devices have higher clock speeds than the Intel i8386DX and Intel i8386SX—up to 
40 MHz for the Am386DXL CPU and up to 25 MHz for the AmM386SXL CPU. Their true static design offers near-zero 
power consumption in standby mode as well as low-operating power consumption at maximum clock speeds. These 
power-saving features allow designers to improve the battery life in portable systems as well as facilitate the reduction 
or elimination of the system cooling fan for cost-savings and size/noise reduction in desktop PCs. 


While the Am386 microprocessor represents a significant improvement over previous generations of microproces- 
sors, compatibility with the earlier processors is preserved. Software compatibility at the object-code level is provided, 
so that an existing investment in 8086 and 80286 software can be maintained. New software can be built upon existing 
routines, reducing the time-to-market for new products. Hardware compatibility is preserved through the dynamic 
bus-sizing feature. 


The Am386 microprocessor is fully supported by peripherals and performance enhancement components from AMD 
as well as third party manufacturers. The major components of an AM386 microprocessor system and their functions 
are described throughout this section. 


Am386DX Microprocessor 


The Am386 microprocessor is a compatible implementation of the Intel i886DX. It is an advanced 32-bit microproces- 
sor designed for applications needing high performance. The 32-bit registers and data paths support 32-bit addresses 
and data types. The processor addresses up to 4 Gb of physical memory and 64 tb of virtual memory. The integrated 
memory management and protection architecture allow high-performance execution of operating systems including 
DOS, Windows, OS/2, and UNIX. 


A pipelined architecture enables the Am386DX microprocessor to perform instruction fetching, decoding, execution, 
and memory management functions in parallel. Because the Am386DX microprocessor prefetches instructions and 
queues them internally, instruction fetch and decode times are absorbed in the pipeline; the processor rarely has to 
wait for an instruction to execute. 


Am386DXL Microprocessor 


The Am386DXL microprocessor is a high-speed, true static implementation of the Intel i886DX microprocessor. It is 
ideal for both desktop and battery-powered portable computers. For desktop PCs, the Am386DXL microprocessor 
offers a 21% performance increase in maximum operating speed from 33 MHz to 40 MHz. Also, this device offers 
lower heat dissipation allowing system designers to remove or reduce the size and cost of the system cooling fan. 


For portable systems, the Am386DXL microprocessor’s true static design allows longer battery life by offering low- 
operating power consumption and a standby mode. At 33 MHz, this device has 40% lower operating Icc than the Intel 
i386DX. Standby mode allows the Am386 microprocessor to be clocked down to 0 MHz (DC) and retain full register 
contents. In standby mode, typical current draw is less than 0.02 mA; nearly a 1000x reduction in power consumption 
over the Intel i886DX or Intel i386SX at minimum frequency. 


Additionally, the Am386DXL microprocessor offers a cost- and space-saving 132-pin plastic quad flat pack (PQFP) 
package. This surface mount package is 40% smaller than a PGA package, allowing smaller board designs without 
the need for a socket. 


Am386DXLV Microprocessor 


The Am386DXLV microprocessor is a low-voltage, true static implementation of the Intel i886DX microprocessor. The 
operating voltage range is 3.0 Vto 5.5 V. The low-voltage operation makes it ideal for both desktop and battery-pow- 
ered portable personal computers. For desktop PCs, low heat dissipation allows the system designers to remove or 
reduce the size and cost of the system cooling fan. The Am386DXLV microprocessor operates at a maximum speed of 
25 MHz from 3.0 to 5.5 V and at a maximum speed of 33 MHz from 4.5 to 5.5 V. 


The Am386DXLV microprocessor’s lower operating voltage and true static design enable longer battery life and/or 
lower weight for portable applications. At 25 MHz, this device has 80% lower operating Icc than the Intel i386DX. 
Lowering typical operating voltage from 5.0 V to 3.3 V doubles the battery life. Standby Mode allows the AmM386DXLV 





System Integration V 





cl AMD Personal Computer Microprocessors 


microprocessor to be clocked down to 0 MHz (DC) and retain full register contents. In Standby Mode, typical current 
draw is 0.01 mA, a greater than 1000X reduction in power consumption versus the Intel i886DX or Intel i386SX. 


Additionally, the Am386DXLV processor comes with SMM for system and power management. SMI is a non-mask- 
able, higher priority interrupt than NMI and has its own code space (1 Mb). SMI can be coupled with the I/O instruction 
break feature to implement transparent power management of peripherals. SMM can be used by system designers to 
implement system and power management code independent of the operating system or the Processor Mode. 


Am386SX Microprocessor 


The Am386SX microprocessor is a compatible implementation of the Intel i386SX. It is a 32-bit CPU with a 16-bit 
external data bus, and a 24-bit external address bus. It provides the performance and compatibility benefits of the 386 
internal 32-bit architecture with the cost savings associated with 16-bit external hardware. 


Am386SXL Microprocessor 


The Am386SXL microprocessor is a high-speed, true static implementation of the Intel i386SX. It is ideal for both desk- 
top and battery-powered portable personal computers. For notebooks, the AmM386SXL microprocessor’s true static 
design allows longer battery life by offering low operating power consumption and a standby mode. At 20 MHz, this 
device offers 22% lower current than the Intel i8386SX. Standby mode allows the Am386SXL microprocessor to be 
clocked down to 0 MHz (DC) and retain internal register contents. Typical current in standby mode is reduced to less 
than 0.02 mA; nearly a 1000x reduction in power consumption over the Intel i386SX at 25 MHz. 


For desktop PCs, the Am386SXL microprocessor offers a 25% increase in the maximum operating speed, from 20 to 
25 MHz. This device also offers lower heat dissipation, allowing system designers to remove or reduce the size and 
cost of the system cooling fan. 


Am386SXLV Microprocessor 


The Am386SXLV microprocessor is a low-voltage, true static implementation of the Intel i886SX microprocessor. With 
the operating range of 3.0 V to 5.5 V, it is ideal for both desktop and battery-powered notebook personal computers. 
For desktop PCs, this device offers lower heat dissipation, allowing system designers to remove or reduce the size and 
cost of the cooling fan. 


At 20 MHz, this device has 60% lower operating Icc than the Intel i886SX. Lowering typical operating voltage from 
5.0 V to 3.3 V enables battery life to increase by a factor of two. In Standby Mode, typical current draw is less than 
0.01 mA, a greater than 1000X reduction in power consumption versus the Intel i386SX, while retaining full register 
contents. 


Additionally, the Am386SXLV microprocessor comes with System Management Mode (SMM) for system and power 
management. SMI (System Management Interrupt) is a non-maskable, higher priority interrupt than NMI and has its 
own code space (1 Mb). SMI can be coupled with the I/O instruction break feature to implement transparent power 
managment of peripherals. SMM can be used by system designers to implement system and power management 
code independent of the operating system or the Processor Mode. 


Math Coprocessors 


The performance of many numeric-intensive applications can be enhanced by the use of math coprocessors. A 
math coprocessor provides the hardware to perform floating point functions that would otherwise be performed by 
software. Coprocessors extend the instruction set of the microprocessor to include floating point operations. 


The Am386DX and Am386SX microprocessors allow an interface to a 387-compatible math coprocessor. For applica- 
tions that benefit from high-precision integer and floating point calculations (such as CAD, spreadsheet, graphics, data 
base, font generation, and statistics), the math coprocessor provides full support of the IEEE standard for floating 
point operations. 


Cache Controllers 


Low-speed memory systems (<= 20 MHz) have traditionally been implemented with dynamic RAMs (DRAMs) using a 
direct or page-interleaved approach. Page-interleaving is a memory design technique for achieving near-zero wait 
state system performance with inexpensive DRAMs. However, as the speed of processors increases these methods 
may become inadequate. With increased processor speed, the speed of the DRAM memory increases as well as the 
cost. In order to reduce cost and improve performance, cache controllers are used. A cache-based memory system 
contains a small amount of fast SRAM memory and a large amount of slower DRAM memory. This provides the per- 
formance of SRAMs at a cost approaching that of DRAMs. 
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Many cache controllers are available from third party manufactures for both the Am386DX and Am386SX 
microprocessors. 


Integrated Peripheral Chip Sets 


Many discrete features such as memory, I/O, and bus control for Am386 processors have become integrated into chip 
sets. These chip sets have become the standard for cost-effective designs for desktop and portable personal comput- 
ers. A wide variety of chip sets are available from third party manufacturers to support both the Am386DX and 
Am386SX microprocessors in high-speed desktop and long battery life portable designs. 


Programmable Logic 


With over a decade of PLD leadership, AMD manufactures a broad line of programmable logic to improve time-to-mar- 
ket when designing systems around Am386 microprocessors. The MACH™ (Macro Array CMOS High-Density) Fam- 
ily fills the system design gap between high-density field programmable gate arrays and high-speed PAL@ device ICs. 


The MACH Family offers a breakthrough combination of high density (900 to 3600 gates) and high performance (15 ns 
and 50 MHz). AMD offers proven production methods and the right technology for attractive pricing on high-density 
programmable logic. MACH Family devices are manufactured with EE CMOS technology offering the following 
benefits. 


—Reprogrammable in low-cost plastic packages 
—Quick design revisions 

—Insurance on production programmed parts 
—Quick market entry 


The MACH Family is supported by major third party PLD design software packages through AMD’s FusionPLD™ 
program. It is also supported by AMD’s own PALASM® software. Several of these software packages run on 286- and 
386-based systems and provide low-cost computer aided design (CAD) capability while easing the important phases 
of the designer's task: design entry, implementation, verification, programming, and testing. The MACH Family de- 
vices Can be programmed on conventional PAL device programmers with appropriate personality and socket adapter 
modules. 


AMD also offers several zero-power PAL devices for power-conscious designs. These devices’ ultra-low standby 
power is ideal for laptop, notebook, and hand-held PC designs where faster time-to-market and longer battery life are 
required. 


EPROMs and Flash 


AMD is a leading supplier of EPROMs (Erasable Programmable Read Only Memory) to the personal computer mar- 
ket. EPROMs are traditionally used to store BIOS in one or two chips on the motherboard. AMD offers higher density, 
lower power, and faster EPROMs than any other manufacturer in the world. AMD’s 1 Mb EPROM, for example, runs as 
fast as 45 ns. 


This 1 Mb high-speed EPROM could be used with the 40-MHz Am386DXL microprocessor to execute the BIOS and 
keyboard code directly from EPROM with no wait states and no shadowing of the EPROM. EPROM shadowing tradi- 
tionally allowed designers to run slow EPROM code from faster DRAM. However, with AMD’s high-performance 
EPROMs, the DRAM is freed up for use by operating systems such as DOS, OS/2, and UNIX. 


AMD's EPROMs are offered in UV-erasable windowed ceramic versions as well as in lower cost plastic “one-time 
programmable” DIP and PLCC packages. For medium- to high-volume stable code, AMD offers the ExpressROM™ 
memory, a factory-programmed plastic packaged EPROM. 


AMD also offers the highest densities and speeds in Flash memories. Flash memories may be reprogrammed in sys- 
tems and allow the user to reconfigure the BIOS without system disassembly. Hand-held and application specific per- 
sonal computers can also use Flash memories as a read-write solid state hard disk. A silicon disk is ideal for battery 
operated portable PCs since they are fast, rugged, economical, and drain little current from the system battery. 


Networking Solutions 


AMD provides a wide range of networking solutions to be designed into PC add-in cards or integrated onto the 
motherboard. The AMD Am7900 Ethernet/Cheapernet chip set provides a low component count, minimum board 
space, low-cost Ethernet interface. AMD also offers solutions for 1OBASE-T and FDDI standards. 
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In addition, AMD manufactures the Am79C30 Digital Subscriber Controller™ circuit. This device may be used for voice 
annotation through electronic mail systems across networks. This feature allows users to electronically attach voice 
dialog to Email messages. 


Serial Controllers/SCSI 


Some of the newest portable personal computers offer pen-based operating systems such as GO Computer’s Pen- 
Point and Microsoft's PenWindows. These systems are designed to recognize a light pen or other stylus as the input 
device. One of the features offered with these new notebook systems is handwriting recognition—the user prints the 
characters with the pen and the system converts it to ASCII characters. The AMD Am85C80 is being used to perform 
handwriting character recognition as well as provide an integrated SCSI interface. The Am85C80 integrates an 85C30 
dual serial communication controller as well as a 5380 SCSI controller. The sleep-mode feature of the Am85C80 
makes it particularly well suited for notebook applications. 


SCSI adapters offer tremendous flexibility as a standard for personal computer peripherals such as hard disks, CD 
ROMs, optical drives, laser printers, and scanners, many of which are very useful for the emerging multimedia market. 


Keyboard Controllers 


AMD’s 80C51-based 8-bit microcontrollers offer a cost-effective solution for both desktop and portable personal com- 
puters. These devices may be used for keyboard scanning as well as power management. The 87C51 EPROM-based 
microcontroller can replace separate 8042/80C42 and 8048/8049 controllers and is supported by the major BIOS 
manufacturers. 


Bus Interface Products 


The Am29C800A High-Performance CMOS Bus Interface Family is ideal for Am386 CPU based bus interface applica- 
tions. Typically, these devices are used with integrated peripheral chip sets to drive extra I/O bus slots for peripheral 
add-in cards and large DRAM arrays. Their low ground-bounce outputs are particularly well suited for systems with 
clock speeds greater than 25 MHz. 


The Am29C800A family provides bipolar-comparable performance while consuming much less power than bipolar 
devices. Pin-for-pin compatible with the Am29800A/Am29C800 families, these devices offer lower propagation delays 
and consume less power than their predecessors. They offer the necessary output drive for driving heavily loaded 
buses while achieving the fast switching speeds required for high-performance systems. 


Graphics 


AMD's 29K™ Family of general-purpose 32-bit RISC microprocessors is meeting the needs of today’s distributed 
graphics display systems. The Am29000™ microprocessor can be found in graphics applications ranging from Apple 
Macintosh QuickDraw accelerators to X Window System terminals (X terminals). In addition, the 29K Family is the 
heart of a wide range of PostScript-based laser printer products. 


The 29K Family represents the broadest range of pin- and software-compatible 32-bit RISC microprocessors on the 
market today. The low-end Am29005 processor provides 6-9 MIPS performance for cost-sensitive applications. The 
Am29000 processor provides 12-23 MIPS performance for mainstream 2D graphics. The Am29050 microprocessor, 
with its tightly integrated on-chip floating point unit, provides up to 32 MIPS and 34 MFLOPS sustained performance 
(80 MFLOPS peak) for demanding 3D graphics and imaging applications. AMD’s Embedded Processor Division 
regularly introduces new members of the 29K Family to support the embedded graphics, laser printer, and network 
controller markets. 


The IBM PC-compatible market has entered the age of Graphical User Interfaces (GUIs) with the introduction of 
Microsoft Windows 3.0, joining Apple and the UNIX world. The 29K Family provides a flexible architecture for providing 
high-speed acceleration for the Application Programming Interfaces (APIs) associated with each GUI. 


The power of the 29K Family of microprocessors ensures that the entire graphics library of well-distributed GUIs can 
be offloaded to a graphics accelerator. This not only provides graphics horsepower, but also frees the central proces- 
sor to devote more time to executing the PC user’s applications—increasing the speed of the entire system. The 
Am386 Family and the 29K Family can work together to provide high-performance, cost-effective solutions for the 
latest GUIs, including Windows and the emerging Display PostScript standard. 


For more information on any of AMD’s products, contact your AMD sales representative. 
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8086 


16-Bit Microprocessor 
iAPX86 Family 
FINAL 


DISTINCTIVE CHARACTERISTICS 


Directly addresses up to 1 Mbyte of memory 

24 operand addressing modes 

Efficient implementation of high level languages 
Instruction set compatible with 8080 software 

Bit, byte, word, and block operations 

8 and 16-bit signed and unsigned arithmetic in binary or 
decimal 


GENERAL 


The 8086 is a general purpose 16-bit microprocessor CPU. 
Its architecture is built around thirteen 16-bit registers and 
nine 1-bit flags. The CPU operates on 16-bit address 
spaces and can directly address up to 1 megabyte using 
offset addresses within four distinct memory segments, 
designated as code, data, stack and extra code. The 8086 
implements a powerful instruction set with 24 operand 
addressing modes. This instruction set is compatible with 
that of the 8080 and 8085. In addition, the 8086 is 
particularly effective in executing high level languages. 
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Publication # Rev. Amendment 
01966 D / 


Issue Date: August 1989 


@ MULTIBUS® system interface 
@ Three speed options 

~ 5MHz for 8086 

— 8MHz for 8086-2 

- 10MHz for 8086-1 


DESCRIPTION 


The 8086 can operate in minimum and maximum modes. 
Maximum mode offloads certain bus control functions to a 
peripheral device and allows the CPU to operate efficiently 
in a multi-processor system. The CPU and its high perfor- 
mance peripherals are MULTIBUS compatible. The 8086 is 
implemented in N-channel, depletion load, silicon gate 
technology and is contained in a 40-pin CERDIP package, 
Molded DIP package, or Plastic Leaded Chip Carrier. 
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AMD commercial products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of: a. Temperature Range 
b. Package Type 
c. Device Number 
d. Speed Option 
e. Optional Processing 








ORDERING INFORMATION 


Commercial Products 


. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


. SPEED OPTION 

Blank = 5 MHz 
-2= 8 MHz 
-1=10 MHz 


. DEVICE NUMBER/DESCRIPTION 
8086 
16-Bit Microprocessor 


. PACKAGE TYPE 

P = 40-Pin Plastic DIP (PD 040) 

D = 40-Pin Ceramic DIP (CD 040) 

N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


. TEMPERATURE RANGE 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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ORDERING INFORMATION 
Military Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


e. Lead Finish 
8086 2: /B Q A 
oe , LEAD FINISH 
A= Hot Solder DIP 
d. PACKAGE TYPE 
Q = 40-Pin Ceramic DIP (CD 040) 
c. DEVICE CLASS 
/B = Class B 
b. SPEED OPTION 
Blank = 5 MHz 
-2=8 MHz 
a. DEVICE NUMBER/DESCRIPTION 
8086 
16-Bit Microprocessor 
iAPX Family 


Valid Combinations 





Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 







Valid Combinations 
8086 
a 
8086-2 | won 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


The following pin function descriptions are for 8086 systems in either minimum or maximum mode. The ‘Local Bus" in 
these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional bus buffers). 


| pinwo | ame [vol ewcrtption 


38, 2-16 AD y5~-ADo 1/0 | Address Data Bus. These lines constitute the time multiplexed memory/|O address (T;) and data (Ta, T3, Tw, T4) 
bus. Ag is analogous to BHE for the lower byte of the data bus, pins D7—Dp. It is LOW during T; when a byte is to 
be transferred on the tower portion of the bus in memory or i/O operations. Eight-bit oriented devices tied to the 












lower half would normally use Ag to condition chip select functions. (See BHE.) These lines are active HIGH and 
float to three-state OFF during interrupt acknowledge and local bus “hold acknowledge."’ 


Address/Status. During T; these are the four most significant address lines for memory operations. During i/O | 
operations these lines are LOW. During memory and I/O operations, status information is available on these lines 
during T2, T3, Tw. and T4. The status of the interrupt enable FLAG bit (Ss) is updated at the beginning of each CLK 
cycle. Ay7/Sq and A1g/Sg3 are encoded as shown. 

This information indicates which relocation register is presently being used for data accessing. 
These lines float to three-state OFF during local bus "hold acknowledge." 


















Bus High Enable/Status. During T; the bus high enable signal (BHE) should be used to 

the most significant half of the data bus, pins D15-Dg. Eight-bit oriented devices tied to the upper half of 
the bus would normally use BHE to condition chip select functions. BHE is LOW during 

and interrupt acknowledge cycles when a byte is to be transferred on the high portion of the bus. The S 
status information is available during To, T3, and T4. The signal is active LOW and fioats to 

three-state OFF in "hold." it is LOW during T; for the first interrupt acknowledge cyctle. 


[BRE ho] Gharacteratics | 
0 [Whole word 


| Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 











Read. Read strobe indicates that the processor is performing a memory of !/O read cycle, depe 
the state of the So pin. This signal is used to read devices which reside on the 8086 local bus. 
active LOW during To, T3, and Tw of any read cycle and is guaranteed to remain HIGH in To until the 
6086 locai bus has floated. 
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This signal floats to three-state OFF in "hold acknowledge.” 


READY. Is the acknowledgment from the addressed memory or |/O device that it will complete the data 
transfer. The READY signal from memory/IO is synchronized by the 8284A Clock Generator to form 
READY. This signal is active HIGH. The 8086 READY input is not synchronized. Correct operation is not 
guaranteed if the set-up and hold times are not met. 


Interrupt Request. Is a level triggered input which is sampled during the last clock cycle of each instruc- 
tion to determine if the processor should enter into an interrupt acknowledge operation. A subroutine is 

vectored to via an interrupt vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST. input is examined by the "Wait' instruction. If the TEST input is LOW, execution continues; other- 









wise, the processor waits in an "Idle" state. This input is synchronized internally during each clock cycle 
on the leading edge of CLK. 


Non-Maskable Interrupt. An edge-triggered input which causes a type 2 interrupt. A subroutine is vectored 











to via an interrupt vector lookup table located in system memory. NMI is not maskable internally by 
software. A transition from a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 


Reset. Causes the processor to immediately terminate its present activity. The signal must be active HIGH 
for at least four clock cycles. It restarts execution, as described in the Instruction Set description, when 
RESET returns LOW. RESET is internally synchronized. 


Clock. Provides the basic timing for the processor and bus controller. It is asymmetric with a 33% duty 
cycle to provide optimized internal timing. 


| ‘| Vgc. The + 5 V power supply pin. 
-_ 






r 





Ground. The ground pin. 


Minimum/Maximum. Indicates what mode the processor is to operate in. The two modes are discussed in 
the following sections. 
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PIN DESCRIPTION (continued) 


| Pin Not | Name | 0 Description 


28-26 | Status. Active during T4, T1, and To and is returned to the passive state (1, 1, 1) during T3 or during Tw 


when READY is HIGH. This status is used by the 8288 Bus Controller to generate all memory and 
i/O access control signals. Any change by So, S;, or So during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in T3 or Tw is used to indicate the end of a bus cycle. 
These signals float to three-state OFF in "hold acknowledge.’ These status lines are encoded as shown. 
[Se «| «51 | So | Characteristics 
0 (LOW) Interrupt 
Acknowledge 
ROQ/GTo, 1/0 
RQ/GT 
with condition number 1 already satisfied. 
COCK LOCK. Output indicates that other system bus masters are not to gain control of the system bus while 
LOCK is active LOW. The COCK signal is activated by the "LOCK" prefix instruction and remains active 
until the completion of the next instruction. This signal is active LOW, and floats to three-state OFF in 
"hold acknowledge." 
Queue Status. The queue status is valid during the CLK cycle after which the queue operation is per- 
formed. 
QS; and QSp provide status to allow external tracking of the internal 8086 instruction queue. 


Po | 0 | 1 | Read V0 Pon 

Po | + | 0 | write 70 Pon 
Status line. Logically equivalent to So in the maximum mode. It is used to distinguish a memory access 
from an 1/O access. M/IO becomes valid in the T4 preceding a bus cycle and remains valid until the final 


T4 of the cycle (M= HIGH, IO = LOW). M/IO floats to three-state OFF in local bus "hold acknowledge." 
Write. Indicates that the processor is performing a write memory or write |/O cycle, depending on the 


[0 [+ | Read Memory 

Pa [0 | Write Memory | 
state of M/!O signal. WR is active for To, T3, and Tw of any write cycle. It is active LOW and floats to 
three-state OFF in local bus "hold acknowledge.” 





































1 (HIGH) 


1. A pulse of 1 CLK wide from another local bus master indicates a local bus request (‘'hold’’) to the 
8086 (pulse 1). 


2. During a T4 or Ty clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master (pulse 2), 
indicates that the 8086 has allowed the local bus to float and that it will enter the ‘hold acknowledge” 
state at the next CLK. The CPU's bus interface unit is disconnected logically from the local bus during 
“hold acknowledge.” 


3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that the "hold’’ 
request is about to end and that the 8086 can reclaim the local bus at the next CLK. 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 


if the request is made while the CPU is performing a memory cycle, it will release the local bus during T4 
of the cycle when ail the following conditions are met: 


1. Request occurs on or before To. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 


If the local bus is idle when the request is made, two possible events will follow: 


1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle apply 































pi tt Passive 
at the end of the processor current bus cycie. Each pin is bidirectional with ROQ/GTo having higher 
priority than RQ/GT;. RO/GT has an internal pull-up resistor so it may be left unconnected. The request/ 
INTA INTA. Is used as a read strobe for interrupt acknowledge cycles. It is active LOW during To, T3, and Tw 
of each interrupt acknowlegde cycle. 

27 DT/R Data Transmit/Receive. Needed in minimum system that desires to use an 8286/8287 data bus transceiv- 
er. It is used to control the direction of data flow through the transceiver. Logically DT/R is equivalent to 
floats to three-state OFF in local bus ‘hold acknowledge." 

DEN Data Enable. Provided as an output enable for the 8286/8287 in a minimum system which uses the 
transceiver. DEN is active LOW during each memory and !/O access and for INTA cycles. For a read or 
INTA cycle, it is active from the middie of To until the middie of T4, while for a write cycle, it is active 
from the beginning of To until the middie of T4. DEN floats to three-state OFF in local bus "hold 
| acknowledg 


Request/Grant. Pins are used by other local bus masters to force the processor to release the local bus 
grant sequence is as follows: 
ALE Address Latch Enable. Provided by the processor to latch the address into 8282/8283 address latch. It is 
a HIGH pulse active during T; of any bus cycle. Note that ALE is never floated. 
$; in the maximum mode, and its timing is the same as for M/IO. (T = HIGH, R = LOW.) This signal 
*Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION (continued) 


| Pinner | Name | vo | Description 


31, 30 HOLD, 1/0 |HOLD. Indicates that another master is requesting a local bus “hold."" To be acknowledged, HOLD must 
HLDA be active HIGH. The processor receiving the ‘hold’ request will issue HLDA (HIGH) as an acknowledge- 

ment in the middie of a T4 or T; clock cycle. Simultaneous with the issuance of HLDA, the processor will 
float the local bus and control lines. After HOLD is detected as being LOW, the processor will LOWer 
HLDA, and when the processor needs to run another cycle, it will again drive the local bus and control 
lines. 
The same rules as for RCj/GT apply, regarding when the local bus will be released. 
HOLD is not asynchroneous input. External synchronization should be provided if the system cannot other- 











wise guarantee the set-up time. 


*Pin numbers correspond to DiPs only. 


DETAILED DESCRIPTION 


The 8086 CPU is internally organized into two processing 
units. These two units are the Bus Interface Unit (BIU) and the 
Execution Unit (EU). A block diagram of this organization is 
shown on page 1. 


The BIU performs instruction fetch and queuing, operand fetch 
and store, address relocation, and basic bus control. The EU 
receives operands and instructions from the BIU and process- 
es them on a 16-bit ALU. The EU accesses memory and 
peripheral devices through requests to the BIU. The BIU 
generates physical addresses in memory using the 4 segment 
registers and offset values. 


The BIU and EU usually operate asynchronously. This permits 
the 8086 to overiap execution fetch and execution. Up to 6 
instruction bytes can be queued. The instruction queue acts as 
a FIFO buffer for instructions, from which the EU extracts 
instruction bytes as required. 


Memory Organization 


The 8086 addresses up to 1 megabyte of memory. The 
address space is organized as a linear array, from 00000 to 
FFFFF in hexadecimal. Memory is subdivided into segments 
of 64K bytes each. There are 4 segments: code, stack, data, 
and extra (usually employed as an extra data segment). Each 
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XXXXOW 


STACK SEGMENT 


DATA SEGMENT 


aie | EXTRA DATA SEGMENT 
—— i 
00000H 
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Figure 1a. Memory Organization 
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64KB | CODE SEGMENT 





segment thus contains information of a similar type. Selection 
of a destination segment is automatically performed using the 
rules in the table below. This segmentation makes memory 
more easily relocatable and supports a more structured 
programming style. 


Physical addresses in memory are generated by selecting the 
appropriate seqment, obtaining the segment ''base'’ address 
from the segment register, shifting the base address 4 digits to 
the left, and then adding this base to the ''offset'’ address. For 
programming code, the offset address is obtained from the 
instruction pointer. For operands, the offset address is calcu- 
lated in several ways, depending upon information contained 
in the addressing mode. Memory organization and address 
generation are shown in Figure 1a. 


Certain memory locations are reserved for specific CPU 
operations. These are shown in Figure 1b. Addresses 
FFFFOH through FFFFFH are reserved for operations which 
include a jump to the initial program loading routine. After 
RESET, the CPU will always begin execution at location 
FFFFOH, where the jump must be located. 


Addresses 00000H through OO03FFH are reserved for interrupt 
operations. The service routine of each of the 256 possible 
interrupt types is signaled by a 4-byte pointer. The pointer 
elements must be stored in reserved memory addresses 
before the interrupts are invoked. 


RESET BOOTSTRAP 
PROGRAM JUMP 


INTERRUPT POINTER 
FOR TYPE 255 
e 
e 


e 
INTERRUPT POINTER 
FOR TYPE 1 
INTERRUPT POINTER 
FOR TYPE 0 
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Figure 1b. Reserved Memory Locations 
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Memory Segment Register 
Reference Need Segment Selection Rule 


CODE (CS) Automatic for all prefetching of instructions. | 


All stack pushes and pops, and all memory references relative to BP base register 
Data references which are relative to the stack, the destination of a string operation, or 
Local Data DATA (DS) explicitly overriden. 
External (Global) Data EXTRA (ES) pivbolng of string operations, when they are explicitly selected using a segment 


Minimum and Maximum Modes freeing up the CPU. The CPU communicates status informa- 
tion to the 8288 through pins So, S1, and So. In maximum 
mode, the 8086 can operate in a multiprocessor system, using 
the LOCK signal within a Multibus format. 


The 8086 has two system configurations, minimum and 
maximum mode. The CPU has a strap pin, MN/MX, which 
defines the system configuration. The status of this strap pin 


defines the function of pin numbers 24 through 31. When MN/MX is strapped to Voc, the 8086 operates in 


When MN/MX is strapped to GND, the 8086 operates in minimum mode. The CPU sends bus control signals itself 
maximum mode. The operations of pins 24 through 31 are through pins 24 through 31. This is shown in the Connection 
redefined. In maximum mode, several bus timing and control Diagrams (in parentheses). Examples of minimum and maxi- 
functions are ''off-loaded" to the 8288 bus controller, thus mum mode systems are shown in Figure 2. 


OATA 


SHAG tt 


2716-2 PROM (2) POMP HERAL 
2K x8 
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Figure 2a. Minimum Mode 8086 Typical Configuration 





1-10 8086 

















EE. CIES 


ROM (OI 


$0, CSO, 
2142 RAM (4) 2716-2 PROM (2) iemeeienas: 


(2) (2) 
Mm x8 Mm x 8 aK x8 2K x 8 


AF002860 


Figure 2b. Maximum Mode 8086 Typical Configuration 


Bus Operation 


The 8086 has a combined address and data bus, commonly 
referred to as ‘''a time multiplexed bus.'' This technique 
provides the most efficient use of pins on the processor while 
permitting the use of a standard 40-lead package. This bus 
can be used throughout the system with address latching 
provided on memory and I/O modules. The bus can also be 
demultiplexed at the processor with a single set of address 
latches if a standard non-multiplexed bus is desired for the 
system. 


Each bus cycle consists of at least four CLK cycles. These are 
referred to as T1, To, T3 and Ty (see Figure 5). The address is 
sent from the processor during T;. Data transfer occurs on the 
bus during T3 and T4. Toa is used for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, ''Wait'' 
states (Tw) are inserted between T3 and T4. Each inserted 
"Wait" state is of the same duration as a CLK cycle. ''Idle'’ 
states (T1) or inactive CLK cycles can occur between 8086 
bus cycles. The processor uses these cycles for internal 
housekeeping. 


During T; of any bus cycle, the ALE (Address Latch Enable) 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status informa- 
tion for the cycle may be latched. 


Status bits So, $1, and So are used, in maximum mode, by the 
bus controller to identify the type of bus transaction according 
to the following table: 


8086 


Ss _ [S| S| characteristics 
Totow | 0 | Inierupt Ackrowiedge 
Po opi] pea 
[oo [wie vo SSS 
caer ON Ek (ee aE 
Caeuery [0 [0 | ination Fetch 
1 [0 [+] Reed Date irom Memoy 
a0 | Wie Data to Memoy 
ae ew Ee us oe 


Passive (no bus cycle) 


Status bits S3 through S7 are multiplexed with high-order 
address bits and the BHE signal, and are therefore valid during 
T2 through T4. S3 and S, indicate which segment register (see 
instruction Set description) was used for this bus cycle in 
forming the address, according to the following table: 


| Sq | So | Characteristics 
O(LOW) 20 Alternate Data (extra segment) 


Paar [0 | Code or None SC~C~*S 
ae Ln 


Ss is a reflection of the PSW interrupt enable bit. Sg = 0 and 
$7 is a spare status bit. 


1/O Addressing 


8086 I/O operations can address up to a maximum of 64K |/O 
byte registers or 32K I/O word registers. The !/O address 
appears in the same format as the memory address on bus 
lines Ay5-Ap. The address lines Ay9-Aig are zero in |/O 
operations. |/O instructions which use register DX as a pointer 
have full address capability. Direct !/O instructions directly 
address one or two of the 256 !/O byte locations in page 0 of 
the 1/O address space. |/O ports are addressed in the same 
manner as memory locations. 
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Figure 3. Basic System Timing 


EXTERNAL INTERFACE 
Processor Reset and Initialization 


Processor initialization or start up is accomplished with activa- 
tion (HIGH) of the RESET pin. The 8086 RESET is required to 
be HIGH for greater than 4 CLK cycles. The 8086 will 
terminate operations on the high-going edge of RESET and 
will remain dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset sequence for 
approximately 10 CLK cycles. After this interval the 8086 
operates normally beginning with the instruction in absolute 
location FFFFOH (see Figure 1b). The details of this operation 
are explained in the Instruction Set description of the MCS-86 
Family User's Manual. The RESET input is internally synchro- 
nized to the processor clock. At initialization the HIGH-to-LOW 
transition of RESET must occur no sooner than 50us after 
power-up, to allow complete initialization of the 8086. 


NMI may not be asserted prior to the 2nd CLK cycle following 
the end of RESET. 
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Interrupt Operations 


Interrupt operations fall into two classes: software or hardware 
initiated. The software initiated interrupts and software as- 
pects of hardware interrupts are described in the Instruction 
Set description. Hardware interrupts are either non-maskable 
or maskable. 


Interrupts transfer control to a new program location. A 256- 
element table containing address pointers to the interrupt 
service program locations resides in absolute locations 0 
through 3FFH (see Figure 1b), which are reserved for this 
purpose. Each element in the table is 4 bytes in size and 
corresponds to an interrupt ''type.'’ An interrupting device 
supplies an 8-bit type number during the interrupt acknowl- 
edge sequence, which is used to ''vector'’ through the 
appropriate element to the new interrupt service program 
location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt pin 
(NMI) which has higher priority than the maskable interrupt 
request pin (INTR). A typical use would be to activate a power 
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failure routine. The NMI is edge-triggered on a LOW-to-HIGH 
transition. The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) 


NMI is required to have a duration in the HIGH state of greater 
than two CLK cycles, but is not required to be synchronized to 
the clock. Any high-going transition of NMI is latched on-chip 
and will be serviced at the end of the current instruction or 
between whole moves of a biock-type instruction. Worst case 
response to NMI would be to multiply, divide, and variable shift 
instructions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers another 
response if it occurs after the start of the NMI procedure. The 
signal must be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering extraneous 
responses. 


Maskable interrupt (INTR) 


The 86/10 provides a single interrupt request input (INTR) 
which can be masked internally by software with the resetting 
of the interrupt enable FLAG status bit. The interrupt request 
signal is level-triggered. It is internally synchronized during 
each clock cycle on the high-going edge of CLK. To be 
responded to, INTR must be present (HIGH) during the clock 
period preceding the end of the current instruction or the end 
of a whole move for a block-type instruction. During the 
interrupt response sequence, further interrupts are disabled. 
The enable bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt, or single-step), although the 
FLAGS register, which is automatically pushed onto the stack, 
reflects the state of the processor prior to the Interrupt. Until 
the old FLAGS register is restored, the enable bit will be zero 
unless specifically set by an instruction. 


During the response sequence (Figure 4), the processor 
executes two successive (back-to-back) interrupt acknowl- 
edge cycles. The 8086 emits the LOCK signal from To of the 
first bus cycle until To of the second. A local bus 'hold'' 
request will not be honored until the end of the second bus 
cycle. In the second bus cycle, a byte is fetched from the 
external interupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by four 
and used as a pointer into the interrupt vector lookup table. An 
INTR signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop, 
which returns the status of the original interrupt enable bit 
when it restores the FLAGS. 


HALT 


When a software "HALT" instruction is executed, the proces- 
sor indicates that it is entering the ''HALT"' state in one of two 
ways depending upon which mode is strapped. In minimum 
mode, the processor issues one ALE with no qualfying bus 
control signals. !n Maximum Mode, the processor issues 
appropiate HALT status on SoS1So, and the 8288 bus 
controller issues one ALE. The 8086 will not leave the 
"HALT" state when a local bus "hold" is entered while in 
"HALT." In this case, the processor reissues the HALT 
indicator. An interrupt request or RESET will force the 8086 
out of the "HALT" state. 


Read/Modify/Write (Semaphore) Operation Via 
Lock 


The LOCK status information is provided by the processor 
when directly consecutive bus cycles are required during the 
execution of an instruction. This provides the processor with 
the capability of performing read/modify/write operations on 
memory (via the Exchange Register With Memory Instruction, 
for example) without the possibility of another system bus 
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master receiving intervening memory cycles. This is useful in 
multiprocessor system configurations to accomplish ''test and 
set lock'' operations. The LOCK signal is activated (forced 
LOW) in the clock cycle following the one in which the 
software ''LOCK"' prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the instruction 
following the ''LOCK"' prefix instruction. While LOCK is active, 
a request on a RQ/GT pin will be recorded and then honored 
at the end of the LOCK. 


External Synchronization Via Test 


As an alternative to the interrupts and general !/O capabilities, 
the 8086 provides a single software-testable input known as 
the TEST signal. At any time, the program may execute a 
WAIT instruction. If at that time the TEST signal is inactive 
(HIGH), program execution becomes suspended while the 
processor waits for TEST to become active. It must remain 
active for at least 5 CLK cycles. The WAIT instruction is re- 
executed repeatedly until that time. This activity does not 
consume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to three-state OFF if bus 
"HOLD" is entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs, the proces- 
sor fetches the WAIT instruction one extra time, processes the 
interrupt, and then re-fetches and re-executes the WAIT 
instruction upon returning from the interrupt. 


Basic System Timing 


Typical system configurations for the processor operating in 
minimum mode and in maximum mode are shown in Figures 
2a and 2b, respectively. In minimum mode, the processor 
emits bus control signals in a manner similar to the 8085. In 
maximum mode, the processor emits coded status information 
which the 8288 bus controller uses to generate MULTIBUS 
compatible bus control signals. Figure 3 illustrates the signal 
timing relationships. 


System Timing - Minimum System 


The read cycle begins in T; with the assertion of the Address 
Latch Enable (ALE) signal. The trailing (low-going) edge of this 
Signal is used to latch the address information, which is valid 
on the local bus at this time, into the 8282/8283 latch. The 
BHE and Ao signals address the low, high, or both bytes. From 
T; to T4, the M/IO signal indicates a memory or |/O operation. 
At To the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal is also 
asserted at To. The read (RD) signal causes the addressed 
device to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus and the 
addressed device will drive the READY line HIGH. When the 
processor returns the read signal to a HIGH level, the 
addressed device will again 3-state its bus drivers. If a 
transceiver (8286/8287) is required to buffer the 8086 local 
bus, signals DT/R and DEN are provided by the 8086. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted to 
indicate a memory or I/O write operation. In the T2 immediate- 
ly following the address emission, the processor emits the 
data to be written into the addressed location. This data 
remains valid until the middle of T4. During To, T3, and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of To as opposed to 
the read which is delayed somewhat into To to provide time for 
the bus to float. 


The BHE and Apo signals are used to select the proper byte(s) 
of the memory/!O word to be read or written according to the 
following table. 
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|BHE|Ao| _Characteristics 
9 | 0 | Whole word 
| 0 | 1 | Upper byte from/to odd address 
[1 | 0 | Lower byte from/to even address 
Bik SS 


1/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the D7-Do 
bus lines and odd addressed bytes on Dy 15-Dg. 


The basic difference between the interrupt acknowledge cycle 
and a read cycle is that the interrupt acknowledge signal 
(INTA) is asserted in place of the read (RD) signal and the 
address bus is floated. (See Figure 6.) In the second of two 
successive INTA cycles, a byte of information is read from bus 
lines D7-Do as supplied by the interrupt system logic (i.e., 
8259A Priority Interrupt Controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into a interrupt vector lookup table, as described 
earlier. 


Bus Timing — Medium Size Systems 


For medium size systems, the MN/MX pin is connected to Vgsg, 
and the 8288 Bus Controller is added to the system as well as 


_ ik ce a 
FLOAT 
AD0-ADis 





an 8282/8283 latch for latching the system address and a 
8286/8287 transceiver to allow for bus loading greater than 
the 8086 is capable of handling. Signals ALE, DEN, and DT/R 
are generated by the 8288 instead of the processor in this 
configuration, although their timing remains relatively the 
same. The 8086 status (S2, $1, and So) provide type-of-cycle 
information and become 8288 inputs. This bus cycle informa- 
tion specifies read (code, data, or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, 1/O read or 
write, or interrupt acknowledge. The 8288 provides two types 
of write strobes, normal and advanced, to be applied as 
required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data isn't valid at the 
leading edge of write. The 8286/8287 transceiver receives the 
usual T and OE inputs from the 8288's DT/R and DEN. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 8259A 
located on either the local bus or the system bus. If the master 
8259A Priority Interrupt Controller is positioned on the local 
bus, a TTL gate is required to disable the 8286/8287 
transceiver when reading from the master 8259A during the 
interrupt acknowledge sequence and software ''poll."’ 


TYPE VECTOR 


WF009371 


Figure 4. Interrupt Acknowledge Sequence 


ACCUMULATOR 
BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


INSTRUCTION POINTER 
STATUS FLAGS 


CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 


DF003330 


Figure 5. 8086 Register Model 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature Commercial (C) Devices 
Ambient Temperature Under Bias Temperature (Ta) 


Voltage on any Pin Supply Voltage (Vcc) 
with Respect to Ground -1 to +70 V 
Power Dissipitation ...................cccccsccesceeeeseeeaeeees 2.5 W 8086-1, 8086-2 


Industrial (lI) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating range 





[Vin | rout igh Votiage ——SCSCS~C~S—SCSCSSSCSCSCSC~C~—‘“‘CS~S Os 
[Vou | Output tow Votage—SSCS~—~—CSCSs mA CSC*dDSC“‘“‘“NOOS SOV‘ 


Vv 
aa 
es ee 
a ES 
ee se 

[Giock input Low Voltage ——SCSC~—“—~S*~“—*~‘iSSC“‘CSSCCC~*dtCOOS COS 
Clock Input High Votage ae ed 
ae 


Capacitance of Input Buffer (All input except e 
ADo-AD15, RO/GT) foo Miz 


Capacitance of 1/O Buffer (ADo-AD15, ROQ/GT) | fo=1MHz 


Voc + 1.0 










SWITCHING CHARACTERISTICS over COMMERCIAL operating range 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


Description 


TOLL 
TCLCH 
TCHCL 
TCH1CH2 From 1.0 to 3.5V 
TCL2CL1 CLK Fall Time From 3.5 to 1.0V 
TOVCL 
TCLDX Data in Hold Time 


RDY Set-up Time into 8284A 
TRIVCL (See Notes 1, 2) 


RDY Hold Time into 8284A 
TCLRIX (See Notes 1, 2) 














8086 808 8086-1 





Test 


Parameters Conditions 


~- 
—s 
@ 


TRYHCH READY Set-up Time into 8086 

TCHRYX READY Hold Time into 8086 
READY Inactive to CLK 

TRYLCL (See Note 3) 

THVCH HOLD Set-up Time 


INTR, NMI, TEST Set-up 
TINVCH Time (See Note 2) 


Input Rise Time 
TILIH (Except CLK) From 0.8 to 2.0 V 


TIHIL Input Fall Time (Except CLK) From 2.0 to 0.8 V 


a 
U 
% 
_ 


Notes: 1. Signal at 8284A shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 


3. Applies only to T2 state (8ns into T3). 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
TIMING RESPONSES 






















| e006 | aoe-2 | toe 
Test 
Conditions| Min |Max| Min |Max| Min | Max| Units 
Pp to fof tof eo [to | 50 | ns 
Pp to tt ts 
| TCX | 80 | ToLAX | 50} 10 | 40 | ns | 
| TCLCH-20 | | TCLCH-10 | | TcLCH-10 | _—|_ns_ | 
ee ee 0 ee ee 
ee ee ee ee 
Fe a oe 
Po [rof 0 |e] to | 50 | ms 
Pe Or Oe 
ProucH-s0 [| Toucn-a0 || orcas || _ns_| 
Fo [of 10 | 7] to | 50 | ns 
“o,=20100 pF [10 | to] 10 |e { 10 | 45 | rs 
i se re RE eS (OO 
TAZRL Address Float to to 8086 self-ioad). 
ae ee eee oO te oe es 
P10 —*| 168 Fico [to | 70 | re | 
P10 ‘| 150, Feo [to | | re | 
frase | [rane] [racs| [im 
[10 _| 160 | Proof 10 | 60 | ns | 
arcuc-76[__[arcicr-s0[[ercic-ao| [ns _| 
farcci-eo[ [ercici-ao|[ercici-as[ [ns 
ToLcH-60 | | TeucH-4o | | roicH-as || ns _| 
| TOLOH | Output Rise Time —=—=s| Fromostoaov | «| of «| ot  —*«| 2 | ns 


SWITCHING TEST INPUT/OUTPUT WAVEFORM SWITCHING TEST LOAD CIRCUIT 


2.4 
DEVICE 


1. UNDER 
1.5<@—TEST POINTS — 1.5 TEST 


WF009381 


TC002193 


AC Testing inputs are driven at 2.4 V for a logic ''1"' and Ci includes jig capacitance 
0.45 V for a logic ''0."' Timing measurements are made at 
1.5 V for both a logic "1" and ''0." 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 





— 8086 8086-2 8086-1 
Parameters Description Conditions 





TOOL 

TOLCH 

TCAGL 

TOHICH | CLK Rise Time —=S~=~‘irt Rom nw sev 
TOG 

TOVGL 

TCLOX 


RDY Set-up Time into 8284A 

RDY Hold Time into 8284A 

TRYHCH READY Set-up Time into 8086 | | 
TCHRYX READY Hold Time into 8086 | 0 sd 


118 


TINVCH (INTR, NMI, TEST 
(See Note 2) 


TGVCH ROQ/GT Set-up Time 


TCHGX RQ Hold Time into 8066 
Input Rise Time 
TILIH (Except CLK) From 0.8 to 2.0 V 
Input Fail Time 
TIHIL (Except CLK) From 2.0 to 0.8 V 
Notes: 1. Signal at 8284A or 8288 shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 


3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8ns into T3). 


READY inactive to CLK 
Set-up Time for Recognition 


8086 
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SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL ranges (continued) 


TIMING RESPONSES 





Test 
Parameters Description Conditions 


Command Active Delay 
TCLML (See Note 1) 

Command inactive Delay 
TCLMH (See Note 1) 





TORSV 
TOLSH 
TCLAV 
TOLAX 


Status Valid to ALE High 
TSVLH (See Note 1) 

Status Valid to MCE High 
TSVMCH (See Note 1) 

CLK Low to ALE Valid 
TCLLH (See Note 1) 

CLK Low to MCE High 
TCLMCH (See Note 1) 

ALE Inactive Delay C. = 20-100 pF 
TCHLL (See Note 1) for all 8086 

‘ Outputs (in addition 

MCE Inactive Delay 
TCLMCL (See Note 1) to 8086 self-load) 
TCLDV Data Valid Delay 
TCHDX Data Hold Time 


Control Active Delay 
TCVNV (See Note 1) 

Control Inactive Delay 
TYNE (See Note 1) 


TCLAX 


ra | 
ss | 
so | 
a 


0 


TCLAX 





+ 
oO 


Address Float to 
TCLRL | RD Active Delay 70 [168 | 70 
TCLRH RD Inactive Delay | 10 |: 150 | 
RD Inactive to Next 
TRHAV Address Active TCLCL -—45 = TCLCL - 40 TCLCL -35 El 
Direction Control Active 
Tewomt | Oey tee Note 1 ae oe 
Direction Control Inactive 
ronor | Beosing Corie eC ee es 
TOLGL of es Pom 4 
TOLGH | GT Inactive Delay Po | as rood 
TRLRH RD Width 2TCLCL-75{ | 2TCLCL-50 2TCLCL-40] | 
TOLOH | Ouiput Rise Tine Fomoswaov | |e) |x, —+| 20 
TOHOL __| Output Fall Time From 20tooeVv of 2 Pte 


Notes: 1. Signal at 8284A or 8288 shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8ns into T3). 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ............................ -65 to + 150°C 
Ambient Temperature Under Bias.................... 0 to 70°C Military (M) Devices 
Voltage on any Pin Temperature (TC)..............ccceeeeeeees —55 to +125°C 
with Respect to Ground ................0..0865 -1 to +7.0 V Supply Voltage (VCC) ........sccseceeeeeeeeeeeeeees 5 V +10% 
Power Dissipitation ....................ccccecceeeeeeeeeeeeeeees 2.5 W 


Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over MILITARY operating range (for APL Products, Group A, Subgroups 1, 2, 3 
are tested unless otherwise noted) 


Parameter Parameter 

Symbol Description Test Conditions 
input LOW Voltage Veo=Min& Max. | -os | +08 | Vv | 
Voo=Min & Max | 20 | vooros' | Vv 


Power Supply Curent (Note 7) To=25°C, Vog=Max. | _+| a0 +t ma 


Glock Input LOW Voltage Voo=Min & Max | -os | +06 | Vv 
Glock input HIGH Voltage Voo=Min &Mex | 39 | voortor | Vv | 
Capacitance of Input Buffer (All Input Except 
Cin ttt ADo-AD15, RO/Gr) pF 
Cio ttt Capacitance of I/O Butfer (ADo-AD15, RO/GT) Pfomt MHz 
* Guaranteed by design; not tested. 
t Group A, Subgroups 7 and 8 only are tested. 


tt Group A, Subgroups 1 and 2 only are tested. 
ttt Not included in Group A tests. 


Notes: 1. Icc is measured while running a functional pattern with spec value lo_/!oH loads applied. 
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Group A, Subgroups 
9, 10, 11 are tested unless otherwise noted) 











MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 














Test 
Parameter Parameter Conditions 
Symbol Description (Note 6) 


[eis [IK Gye Porod Woe) SSSCSCdSCS 
[roche towTime SS SSSCSC~id SSCCSCSCSCSC~SCSY 
[rerct [CuK HGH Time —SSsSC—C—~—SCS| SSSSC—S 

Fe 






| 8086 8086-2 






[roiox [data in Hols Time ——SSSSCSC—~—~—SCSCSCSC~*Y 


2 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
-Voc = 45 V, 5.5 V ViIH 2.4 V 
45 V VIHC 43 V 
.25 V VOH 16V 
1.4V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Vcc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Vcc 45 V 
Vit OV 
Vic = OV 


44 
20 
10 

0 
15 


th 
o 


_ aj — 
ho o;oO 


| 200 | 500 
A ae 
ae Eee 
eee EE ae 
as Ca 
| 30 | 
es NO | 
(ean il eg 
ae 
a 
Pe eee 
a 
a aa 
| 30 | 
re ae 
es ee 
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued) 
TIMING RESPONSES 








Test 
Conditions 
(Note 6) 


8086 8086-2 










Parameter 
Description 


Parameter 
Symbol 


TOLAV 
Pretax 
TOLAZ 
TCLLH 


—_ 
st 
Oo 


TOHLL 
TELA 
TCHOX 


w 
> 


@ 
© 
Oo 


HDX Data Hold Time After WR (Note 9) 
TCVCTV Control Active Delay 1 (Note 8) 
TCHCTV Contro! Active Delay 2 (Note 8) Cy = 100 pF 
TCVCTX C for all 8086 

ontrol Inactive Delay (Note 8) Outputs (in addition 

TAZRL Address Float to READ Active (Note 9) to 8086 internal loads) 
TCLAL RD Active Delay (Note 8) 
TCLRH RD inactive Delay (Note 8) 


TRHAV RD Inactive to Next Address Active (Note 10) 


TCLHAV HLDA Valid Delay (Note 8) 
TRLRH RD Width (Note 10) 


LWH WR Width (Note 10) 


TAVAL Address Valid to ALE LOW (Note 9) 
TOLOH Output Rise Time (Note 9) From 0.8 to 2.0 V 
TOHOL Output Fall Time (Note 9) From 2.0 to 0.8 V 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
- Voc = 4.5 V, 5.5 V Vip = 2.4 V 
Vii = 45 V ViHC = 4.3 V 
Viic = .25 V VoH = 1.6 V 
Vo. = 1.4 V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Vcc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Vcc = 45 V 
Vii = OV 
Vic = OV 


10 
10 


N“N 
oO 


—_ 


~* —_ —_ — et 
oi oooh _ _ 
So o;o!|o 


6 


or 
oO 
— 


0 


oO 


10 


=~ 
~~ 
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fos] 
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oO 
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Ls) 





8086 1-21 





cl AMD 





SWITCHING CHARACTERISTICS over MILITARY operating range (continued) 
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 


Test 


8086 8086-2 


Parameter Parameter Conditions 
Symbol Description (Note 6) 


—TCLCL CLK Cycle Period (Note 11) Ree a eal 
TCLCH CLK LOW Time ee oe 
TCHCL CLK HIGH Time Po 





125 


> 
> 
oO 


TCH1CH2 CLK Rise Time (Note 5) From 1.0 to 3.5 V 
TCL2CL1 CLK Fall Time (Note 5) From 3.5 to 1.0 V 


TDVCL Data in Setup Time 
TCLDX Data in Hold Time 
TRIVCL RDY Setup Time into 8284A (Notes 1 & 2) 


5 
TCLR1X RDY Hold Time into 8284A (Notes 1 & 2) 
8 


3 


Go 
on 


TRYLCL READY Inactive to CLK (Note 4) 


TovCR 
TCHGX 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
- Voc 45V,55 V Vip = 24 V 
VIL 45 V VIHC 43 V 
VILC .25 V VOH 16 V 
VOL 14 V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Vcc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Vcc = 45 V Vo. = 1V 
Vir = OV ViH = 4V 
Viic = OV ViHc = 5 V 


_ 
(o2) 


w 
= 
ine) 


TRYHCH READY Setup Time into 8086 le 
TCHRYX READY Hold Time into 8086 pa 


40 


Le) 
oO 


— 
Le) 


_ 
oOo 
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued) 
TIMING RESPONSES 










Test 
Conditions 
(Note 6) 






8086 8086-2 






Parameter 
Description 
Command Active Delay (Note 1) 
Command Inactive Delay (Note 1) 
READY Active to Status Passive (Note 3) 
Status Active Delay (Notes 7 & 8) 

Status Inactive Delay 

Address Valid Delay 


Parameter 
Symbol 
TCLML 
TCLMH 
TRYHSH 
TCHSV 
TCLSH 
TCLAV 
TCLAX 
TCLAZ 
TSVLH 
TSVMCH 
TCLLH 
TCLMCH 


| 
@ 


Address Float Delay 

Status Valid to ALE HIGH (Note 1) 
Status Valid to MCE HIGH (Note 1) 
CLK LOW to ALE Valid (Note 1) 
CLK LOW to MCE HIGH (Note 1) 


CL = 100 pF 

for all 8086 

Outputs (in addition 
to 8086 internal loads) 


TCHLL ALE Inactive Delay (Note 1) 


TCLMCL 


TCLDV 
TCHDX 
TCVNV 
TCVNX 
TAZRL 
TCLAL 
TCLRH 
TRHAV 
TCHDTL 
TCHDTH 
TCLGL 
TCLGH 
TRLRH 
TOLOH 
TOHOL 


MCE Inactive Delay (Note 1) 


Data Valid Delay 

Data Hold Time 

Contro! Active Delay (Note 1) 

Control Inactive Delay (Note 1) 
Address Float to Read Active 

RD Active Delay 

RD Inactive Delay 

RD inactive to Next Address Active 
Direction Control Active Delay (Note 1) 
Direction Control Inactive Delay (Note 1) 
GT Active Delay (Note 8) 

GT Inactive Delay (Note 8) 

RD Width 


Output Rise Time From 0.8 to 2.0 V 
Output Fall Time From 2.0 to 0.8 V 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
~ Voc = 45 V, 5.5 V Vip = 2.4V 
Vii = 45 V Vinc = 4.3 V 
Viic = .25 V VoH = 1.6V 
Vo. = 14 V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Vcc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Voc = 45 V 
Vii 2= OV 
Vic = OV 


=] 
gaia 


2 
@1@ 


ns 


> 





@ @ 
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SWITCHING WAVEFORMS 


MINIMUM MODE 


T Tw 


ones / 


pane a= oe 
ee ee eae 


tiated er ns 


RR 


Led 
mgmt "WC TMM 


REACY 
-_ cu wee 


CLK (62644 OUTPUT) 


3 


TLLAX 


2 & 


J 3 
Tt 


READ CYCLE 


NOTE 1) 
(Wh, wrk = Von) 


WFO06660 
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SWITCHING WAVEFORMS (continued) 


MINIMUM MODE 


ty T2 T3 Tw % 


Von TCLCL TCHICH2 a7 TCL2Cu1 { 


CLK (62844 OUTPUT) 


Ver 


BHE/S7, Ag/Sg-Ar6/S3 


ALE 
ADj5-ADo 
WRITE CYCLE 
ome 1) DEN 
ov = Von) 
wr 





ADy5-A 
—— a a FLOAT (rower! FLOAT 
~+- TCHCTV TCHCTV 
o1/R a 
INTA CYCLE 
suores 183) 
’ WR = Von 
SRE = Vor) 
NTA f- 


K/ 


SOFTWARE HALT — S INVALID ADDRESS SOFTWARE HALT 
RO, WR, INTA = Voy : 


OT/R — INDETERMINATE TCLAV 


WF006670 


Notes: 1. All signals switch between Voy and Vo. unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be 
inserted. 
3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both 
INTA cycles. Control signals are shown for second INTA cycle. 
. Signals at 8284A are shown for reference only. 
5. All timing measurements are made at 1.5 V unless otherwise noted. 


oN 
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SWITCHING WAVEFORMS (continued) 


MAXIMUM MODE 


fod 
ener Biescatea —— 
_ ee mee =e 


Fa ht PEP 
TSVLM 
TCLLW 
/ 
ae b, 
\ 


—— 


. corer eee 











a RR ee ee a 








SWITCHING WAVEFORMS (continued) 
MAXIMUM MODE (continued) 


Y 9 Ty \ 
Tw 
VCH 


ge Ee ee i es 
bos xcrr man Rt | 
| Spent || 


ve 
sass outputs J} = 
See notes 5,6) AMWC OR AlOwC 

=" “ 


WTC OR 10WC 
WTA CYCLE 
FLOAT RESERVED FOR 


A0,5-A0 
(SEE NOTES 3&4) 


CASCADE ADOR FLOAT 
TCLAZ ye TCLOX 
.’ a 
sow Ab > ee Clee 
revucn —t 
an 


wh 


TCLMCH 














ovr 


| om 


SOFTWARE HALT — = 
(OEN = Vo, ; AD, MAROC, OAT. MWIT, AMWC, IOWT, AIOWC, INTA, = Voy) 





AD 5-ADp INVALIO ADORESS 


TCLAV 


ry 
g! 
ry 

| 

1 

I 

t 

i 

| 


WF006730 


Notes: 1. All signals switch between Von and Vo, unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be 
inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both 
INTA cycles. Control for pointer address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. } 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, 
AIOWC, INTA and DEN) lags the active high 8288 CEN. 

7. All timing measurements are made at 1.5 V unless otherwise noted. 

8. Status inactive in state just prior to Ty. 
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SWITCHING WAVEFORMS (continued) 


ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING 





ANY CLK cYCLe=| 


TINVCH (SEE NOTE 1) 
NMI 
INTR 
TEST 
WF006690 WF006700 
Set-up Requirements for Asynchronous signals 
only to guarantee recognition at next CLK. 


RESET TIMING 
[> 20-00 


(MAXIMUM MODE ONLY) 


zt CLK CYCLES 


WF009530 


PREVIOUS GRANT 


AD15-ADp 
Re | 
Ay9/S¢-A16/S3 esa 


BHE/s, (SEE NOTE 1) 


; COPROCESSOR 


WF006710 


Note: The Coprocessor may not drive the buses outside the region shown without risking contention. 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


—_——_———— 


A 
as 16/S3 sea 
BHE/S 7, M10, ne 
O1/A, WA, DEN 
WF006720 
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8086/8088 
INSTRUCTION SET SUMMARY 


DATA TRANSFER 
MOV = Move 76543210 76543210 76543210 76543210 


Register/memory to /from register 100010dw mod reg r/m 


Immediate to register/memory mod 0 0 0 r/m 


data data if w= 1 


Immediate to register 101 1 w reg data data if w=1 


Memory to accumulator 1010000Ww addr-low addr-high 


Accumulator to memory 1010001Ww addr-iow addr-high 


Register/memory to segment register 10001110 mod 0 reg r/m 


Segment register to register/memory 10001100 mod O reg r/m 


PUSH = Push: 


Register/memory 111491111 mod 1 10 r/m 


Register 0101 0 reg 


Segment register 000,reg 110 


POP = Pop: 
mod 0 0 0 r/m 


Register/memory 10001111 


Register 01011 reg 


Segment register 000 reg 111 


XCHG = Exchange: 
Register/memory with register 1000011Ww mod reg r/m 


Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 


Variable port 


OUT = Ouput to: 
Fixed port 111001%1w 
Variable port 11710171710 
XLAT = Transtate byte to AL 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 mod reg r/m 


LES = Load pointer to ES 11000100 mod reg r/m 
LANF = Load AH with flags 100114111 
SANF = Store AH into flags 10011110 
PUSHF = Push flags 10011100 
POPF = Pop flags 10011101 
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INSTRUCTION SET SUMMARY (continued) 


ARITHMETIC 

ADD = Add 76543210 76543210 76543210 76543210 
Reg/memory with register to either o00000dw 

Immediate to register / memory 100000Ssw data data if s:w = 01 
Immediate to accumulator 0000010w data if w=1 


ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


immediate to register/memory 100000sw mod 0 1 0 r/m data data if s:w = 01 


Immediate to accumulator 0001010Ww data data if w= 1 


INC = Increment: 

Register/memory 1111111w mod 0 0 0 r/m 
Register 01000 reg 

AAA = ASCII adjust for add 001101141 


DAA = Decimal adjust for add 00100111 


SUB = Subtract: 


Reg/memory and register to either 001010dw mod reg r/m 


data 


immediate from register/memory 100000sw 


Immediate from accumulator 0010110w data if w= 1 


SBB = Subtract with borrow: 


Reg/memory and register to either 000110dw mod reg r/m 


Immediate from register/memory 100000sw mod 0 11 r/m data data if s:w = 01 


immediate from accumulator 0001110w data data if w= 1 


DEC = Decrement: 


Register/memory 111117171Ww mod 0 0 1 r/m 
Register 01001 reg 


NEG Change sign 1111011Ww mod 0 1 1 r/m 


CMP = Compare: 
Register/memory with register 0011101Ww mod reg r/m 
Register with register/memory 0011100w mod reg r/m 


data data if s:w = 01 


Immediate with register/memory 100000sw mod 1 1 1 r/m 


Immediate with accumulator 0011110w data data if w=1 
AAS ASCli adjust for subtract 001111141 


DAS Decimal adjust for subtract 00101111 


MUL Mulitiply (unsigned) mod 100 r/m 
IMUL Integer multiply (signed): 1111011w mod 10 1 r/m 


00001010 


AAM ASCII adjust for multiply 11010100 
DIV Divide (unsigned): 1111011w mod 1 10 r/m 
IDIV integer divide (signed) 1111011w mod 1 11 r/m 


AAD ASCH adjust for divide 00001010 


CBW Convert byte to word 10011000 


CwD Convert word to double word 10011001 
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INSTRUCTION SET SUMMARY (continued) 


LOGIC 


NOT Invert 

SHL/SAL Shift logical/arithmetic left 
SHR Shift logical right 

SAR Shift arithmetic right 

ROL Rotate left 

ROR Rotate right 

RCL Rotate through carry flag left 


RCR Rotate through carry right 


AND = And: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 


Immediate data and accumulator 


OR = Or: 
Reg/memory and register to either 
Immediate to register/mermory 


Immediate to accumulator 


XOR = Exclusive or: 
Reg/memory and register to either 
Immediate to segister/mamory 


Immediate to accumulator 
STRING MANIPULATION: 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wa from AL/A 


76543210 
111101%1w 


76543210 
mod 0 1 0 r/m 


mod 100 r/m 


76543210 


110100VvwWw mod 1 0 1 r/m 


110100VvwWw mod 1 11 1/m 


mod 0 0 0 r/m 


110100VvwWw mod 0 0 1 r/m 
mod 0 10 1r/m 


mod 0 11 r/m 


001000dw mod reg r/m 


1000000w mod 10 0 r/m 


0010010Ww data 


data 


data if w= 1 
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76543210 


data if w= 1 


1000010w mod reg r/m 


111101%1w mod 0 0 0 r/m 


1010100Ww data 


000010dw mod reg r/m 


1000000WwW mod 0 0 1 r/m 


0000110w data 


001100dw mod reg r/m 


1000000W mod 110 r/m 


0011010w data 


11110012z 
1010010w 
10710011w 
101011%1w 
1010110w 


1010101w 


8086 


data 


data if w= 1 


data 


data if w= 1 


data 


data if w= 1 


data if w= 1 


data if w= 1 


data if w= 1 
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INSTRUCTION SET SUMMARY (continued) 


CONTROL TRANSFER 
CALL = Call 76543210 76543210 76543210 76543210 
Direct within segment 11101000 


indirect within segment 111111711 mod 0 1 0 r/m 


Direct intersegment 10011010 offset-low offset-high 
seg-low seg-high 


Indirect intersegment 11111111 mod 0 1 1 r/m 


JMP = Unconditional jump: 
Direct within segment 11101001 disp-high 
Direct within segment-short 11101011 


indirect within segment 11411111441 mod 100 r/m 


Direct intersegment 11101010 offset-low offset-high 


seg-low seg-high 


Indirect intersegment 111111141 mod 10 1 r/m 


RET = Return from CALL: 
Within segment 11000011 


Within seg adding immed to SP 
Intersegment 

Intersegment adding immediate to SP 
JE/JZ = Jump on equal/zero 101110100] disp 
JL/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal f01110010/ disp | 
JBE/JNA = Jump on below or equal/not above }01110110] disp | 
JP/JPE = Jump on parity/parity even 
JO = Jump on overfiow 101110000] disp | 
JS = Jump on sign Fortito00] ds 
JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater po1ti1t14 | disp | 
JNB/JAE = Jump on not below/above or equal 01110011] disp | 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not par/par odd 101111011 | disp | 
JNO = Jump on not overflow 101110001 | ~~ disp 
JNS = Jump on not sign 
LOGP = Loop CX times 
LOGPZ/LOOPE = Loop while zero/equal [11100001 | disp | 
LOOPNZ/LOOPNE = Loop while not zero/equal 
JCXZ = Jump on CX zero 111100011] ~~ disp si 
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INSTRUCTION SET SUMMARY (continued) 


CONTROL TRANSFER (Cont'd.) 
INT = Interrupt 

Type specified 

Type 3 

INTO = Interrupt on overflow 


IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 

STC = Set carry 

CLD = Clear direction 

STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Processor Extension Escape 


LOCK = Bus lock prefix 


Footnotes: 


AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive. 

Less = less positive (more negative) signed values 

if d= 1 then "'to" reg; if d=0 then "'from'' reg 

w= 1 then word instruction; if w=0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP =0 , disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is 
absent 

if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m=001 then EA = (BX) + (DI) + DISP 
if r/m =010 then EA = (BP) + (SI) + DISP 
if r/m=011 then EA = (BP) + (Di) + DISP 
if r/m = 100 then EA = (S!) + DISP 

if r/m=101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m=111 then EA = (BX) + DISP 


DISP foliows 2nd byte of instruction (before data if required) 
*except if mod = 00 and r/m= 110 then EA = disp-high: disp-iow. 


76543210 
11001101 


8086 


76543210 
pe 


76543210 76543210 


< 


11001100 
11001110 


11001111 


11111000 
11110101 
11111001 
11111100 
11111101 
11111010 
11111011 
11110100 
10011011 


11110000 


if s:w=01 then 16 bits of immediate data form the operand. 

if sw=11 then an immediate data byte is sign extended to form the 
16-bit operand. 

if v=0 then "count" = 1; if v=1 then "count in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF Fiag. 


SEGMENT OVERRIDE PREFIX 
0 0 1 reg 1 1 =O 


REG is assigned according to the following table: 


16-Bit_ (w = 1) 8-Bit_(w = 0) 
000 AX 000 AL 
001 Cx 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 Dl 111 BH 


Instructions which reference the flag register files as a 16-bit object 
use the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(1F):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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8088 


8-Bit Microprocessor CPU 
iAPX86 Family 
FINAL 


DISTINCTIVE CHARACTERISTICS 


8-bit data bus, 16-bit internal architecture 
Directly addresses 1 Mbyte of memory 
Software compatible with 8086 CPU 
Byte, word, and biock operations 

24 operand addressing modes 


@ Powerful instruction set 
® Efficient high level language implementation 
@ Three speed options: 5MHz 8088 

8MHz 8088-2 

10MHz 8088-1 


GENERAL DESCRIPTION 


The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most functions of the 8088 are 
identical to the equivalent 8086 functions. The pinout is 
slightly different. The 8088 handles the external bus the 
same way the 8086 does, but it handles only 8 bits at a 
time. Sixteen-bit words are fetched or written in two 


consecutive bus cycles. Both processors will appear identi- 
cal to the software engineer, with the exception of execu- 
tion time. 


The 8088 is made with N-channel silicon gate technology 
and is packaged in a 40-pin Plastic dip, CERDIP or Plastic 
Leaded Chip Carrier. 


BLOCK DIAGRAM 


MEMORY INTERFACE 
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Publication # Rev. Amendment 
02338 D /0 
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DIPs 


MIN 
MODE 


Vec 
Ais 
A1¢/S3 
A17/S4 
Aig/Ss 
A19/Sg 


MN/MX 
RO 
HOLD 
HLDA 
WR 
10/M 
DY/R 
ODEN 
ALE 
INTA 
TEST 
READY 
RESET 





CONNECTION DIAGRAMS 


MAX 
MODE 


(HIGH) 


(RQ/GT) 
(RQ/GT}) 
(LOCK) 
(S2) 

(S)) 

(So) 
(QSp) 
(QS)) 


CD005520 


Top View 


PLCC 











[} HOLD (RG/GTp) 
T}HLDA (RO/GT}) 
1] WR (LOCK) 

[} 10/M (So) 

Ly OT/R (83) 

1} BEN (So) 





(QS,) INTAC 
(QSp) ALE L 


CD010680 


Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


a2 B 


lo 
jee] 
iO 
(ee) 
‘co 


| 


. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


d. SPEED OPTION 
Blank = 5 MHz 
-2=8 MHz 

-1=10 MHz 


c. DEVICE NUMBER/DESCRIPTION 
8088 
8-Bit Microprocessor CPU 


b. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


a. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 






Valid Combinations 





8088 
8088-2 
8088-1 


8088B, 8088 
8088-2B, 8088-2 








8088-18 
8088B 


8088-2B 
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sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


8088 





a a 








MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid 
Combination) for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


A 
ee LEAD FINISH 


A= Hot Solder Dip 


d. PACKAGE TYPE 
Q = 40-Pin Ceramic DIP (CD 040) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
Blank = 5 MHZ 
-~2=8 MHZ 


a. DEVICE NUMBER/DESCRIPTION 
8088 8-Bit Microprocessor CPU 


Valid Combinations 





Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 







Valid Combinations 


a 
/BQA 
| 9088-20 2 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local bus'' in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus buffers). 


[Pin Nox [Name | 1/0 |Description 
AD7-ADg 1/0 |Address Data Bus. These lines constitute the time multiplexed memory/lO address (T;) and data (To, T3, Tw and 
T4) bus. These lines are active HIGH and float to three-state OFF during interrupt acknowledge and local bus 
“hold acknowledge." 


39, 2-8 A15-Ag Address Bus. These lines provide address bits 8 through 15 for the entire bus cycle (T;-T4). These lines do not 
have to be latched by ALE to remain valid. Ay5-Ag are active HIGH and float to 3-state OFF during interrupt 
acknowledge and local bus "hold acknowledge.’ 


Address/Status. During T1, these are the four most significant address lines for memory operations. During !/O 
operations, these lines are LOW. During memory and |/O operations, status information is available on these lines 
during To, T3, Tw and T4. Sg is always LOW. The status of the interrupt enable flat bit (Ss) is updated at the 
beginning of each clock cycle. S4 and S3 are encoded as shown. 



































This information indicates which segment register is presently being used for data accessing. 
These lines float to three-state OFF during local bus ''hold acknowledge." 


| S4_ | Sa Characteristics | 
Fotow| 0 | Altemate Data 
Os ee | ie el 
Pr qiem{ 0 | Code or None | 
pt Tt ata 
Read. Read strobe indicates that the processor is performing a memory or |/O read cycle, depending on the state 
of the 1O/M pin or So. This signal is used to read devices which reside on the 8088 local bus. RD is active LOW 


during To, T3 and Tw of any read cycle and is guaranteed to remain HIGH in To until the 8088 local bus has 
floated. 


This signal floats to 3-state OFF in ‘hold acknowledge.” 


READY. The acknowledgment from the addressed memory or !/O device that it will complete the data transfer. 
The RDY signal from memory or !/O is synchronized by the 8284 clock generator to form READY. This signal is 
active HIGH. The 8088 READY input is not synchronized. Correct operation is not guaranteed if the set-up and 
hold times are not met. 























Interrupt Request. A level-triggered input which is sampled during the last clock cycle of each instruction to 
determine if the processor should enter into an interrupt acknowledge operation. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. It can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST. Input is examined by the "wait for test'’ instruction. If the TEST input is LOW, execution continues; 
otherwise, the processor waits in an ''Idle’' state. This input is synchronized internally during each clock cycle on 
the leading edge of CLK. 













Non-Maskable interrupt. An edge-triggered input which causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not maskable internally by software. A transition 
from a LOW to HIGH initiates the interrupt at the end of the current instruction. This Input is internally synchronized. 


RESET. Causes the processor to immediately terminate its present activity. The signal must be active HIGH for at 
least four clock cycles. It restarts execution, as described in the instruction set description, when RESET returns 
LOW. RESET is internally synchronized. 


Clock. Provides the basic timing for the processor and bus controller. It is asymmetric with a 33% duty cycle to 
provide optimized internal timing. 


Voc. The +5 V +10% power supply pin. 














TGND | |GND. The ground pins. 


Minimum/Maximum. Indicates what mode the processor is to operate in. The two modes are discussed in the 
following sections. 





Status Line. An inverted maximum mode Sp. It is used to distinguish a memory access from an |/O access. |O/M 
becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the cycle (I/O = HIGH, 
M = LOW). 10/M floats to three-state OFF in local bus "hold acknowledge." 


WAR Write. Strobe indicates that the processor is performing a write memory or write |/O cycle, depending on the state 
of the IO/M signal. WR is active for To, T3 and Tw of any write cycle. It is active LOW and floats to 3-state OFF in 








local bus “hold acknowledge." 


INTA INTA. Used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3 and Tw of each 
interrupt acknowledge cycle. 

ALE Address Latch Enable. Provided by the processor to latch the address into 8282/8283 address latch. It is a HIGH 
pulse active during clock low of T; of any bus cycle. Note that ALE is never floated. 








Data Transmit/Receive. Needed in a minimum system that desires to use an 8286/8287 data bus transceiver. It is 
used to control the direction of data flow through the transceiver. Logically DT/R is equivalent to S; in the 
maximum mode, and its timing is the same as for |O/M (T = HIGH, R = LOW.) This signal floats to three-state OFF 


27 DT/R 
in local bus "hold acknowledge." 


DEN Data Enable. Provided as an output enable for the 8286/8287 in a minimum system that uses the transceiver. DEN 
is active LOW during each memory and |/O access and for INTA cycles. For a read or INTA cycle, it is active from 
the middle of T2 until the middle of T4; while for a write cycle, it is active from the beginning of To until the middie of 
T4. DEN floats to 3-state OFF during local bus “hold acknowledge." 


*Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION (continued) 


[Pin No. | Name | 1/0 [Description 

















HOLD, 1/0 |HOLD. Indicates that another master is requesting a local bus ''hold.'' To be acknowledged, HOLD must be active 
HLDA HIGH. The processor receiving the ‘‘hold'’ request will issue HLDA (HIGH) as an acknowledgment in the middle of 
a T4 or Ty clock cycle. Simultaneous with the issuance of HLDA, the processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor lowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 
HOLD is not an asynchronous input. External synchronization should be provided if the system cannot otherwise 
guarantee the set-up time. 
Status Line. Logically equivalent to SO in the maximum mode. The combination of SSO, 10/M and DT/R allows the 
system to completely decode the current bus cycle status. 
1O/M | DT/R Characteristics 







So, $1, So Status. Active during clock high of T4, T; and T2 and is returned to the passive state (1, 1, 1) during T3 or during 
Tw when READY is HIGH. This status is used by the 8288 bus controller to generate ail memory and I/O access 
controi signals. Any change by So, 54 or So during T4 is used to indicate the beginning of a bus cycle, and the 


return to the passive state in T3 or Tw is used to indicate the end of a bus cycle. 


These signals float to three-state OFF during ‘hoid acknowledge."’ During the first clock cycle after RESET 
becomes active, these signals are active HIGH. After this first clock, they float to three-state OFF. 


Characteristics 


Interrupt 
Acknowledge 















0 a 






1 Read |/O Port 


ae 
=< 
| 1 | 0 | Write 1/0 Port 
is GE a 
1 eee P80. 
an 
as 
ob 


To |code Aacess | 
[1] Read Memory | 
— 
ra 










Write Memory 


Passive 


Request/Grant. Pins are used by other local bus masters to force the processor to release the local bus at the end 

of the processor's current bus cycle. Each pin is bidirectional with RO/GTo having higher priority than RQ/GT}4. 

RQ/GT has an internal pull-up resistor, so may be left unconnected. The request/grant sequence is as follows: 

1. A pulse of one CLK wide from another local bus master indicates a local bus request (‘'hold'’) to the 8088 
(pulse 1). 


2. During a T4 or T clock cycle, a pulse one clock wide from the 8088 to the requesting master (pulse 2), indicates 
that the 8088 has allowed the local bus to float and that it will enter the "hold acknowledge” state at the next 
CLK. The CPU's bus interface unit is disconnected logically from the local bus during ''hold acknowledge."' The 
same rules as for HOLD/HLDA apply as for when the bus is released. 










3. A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 3) that the ''hold'’ request is 
about to end and that the 8088 can reclaim the local bus at the next CLK. The CPU then enters T4. 


Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle CLK cycie 
after each bus exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it will release the local bus during T4 of the 
cycle when ail the following conditions are met: 


1. Request occurs on or before To. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 











If the local bus is Idle when the request is made, two possible events will follow: 


1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle apply with 
condition number 1 already satisfied. 











LOCK. indicates that other system bus masters are not to gain control of the system bus while LOCK is active 


RO/GTo, 1/O 
RQ/GT; 
(LOW). The LOCK signal is activated by the ''LOCK" prefix instruction and remains active until the completion of 


LOCK 
the next instruction. This signal is active LOW and floats to 3-state off in “hold acknowledge.” 


*Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION oa 


[Pin Nos [Name | 1/0 |Description 



















Queue Status. Provides status to allow external tracking of the internal 8088 instruction queue. The queue status is 
valid during the CLK cycle after which the queue operation is performed. 


(as; [O80 [oharacterstes ——SS—~*d 
fouow) | 0 | No Operation __——~d 
lo __| 1 | First Byte of Opcode tom Queve| 
sean [0 | Empiy the Queve | 

fr 1+] "Subsequent Byte fom Queue — | 






en oa Soe Pin 34 is always HIGH in the maximum mode. 


*Pin numbers correspond to DIPs only. 


DETAILED DESCRIPTION 
The 8088 Compared to the 8086 


@ The queue length is 4 bytes in the 8088; whereas, the 8086 
queue contains 6 bytes, or three words. The queue was 
shortened to prevent overuse of the bus by the BIU when 
prefetching instructions. This was required because of the 
additional time necessary to fetch instructions 8 bits at a 
time. 


To further optimize the queue, the prefetching algorithm 
was changed. The 8088 BIU will fetch a new instruction to 
load into the queue each time there is a 1 byte hole (space 
available) in the queue. The 8086 waits until a 2-byte space 
is available. 


The internal execution time of the instruction set is affected 
by the 8-bit interface. All 16-bit fetches and writes from/to 
memory take an additional four clock cycles. The CPU is 
also limited by the speed of instruction fetches. This latter 
problem only occurs when a series of simple operations 
occurs. When the more sophisticated instructions of the 
8088 are being used, the queue has time to fill and the 
execution proceeds as fast as the execution unit will allow. 


The 8088 and 8086 are completely software compatible by 
virtue of their identical execution units. Software that is system 
dependent may not be completely transferable, but software 
that is not system dependent will operate equally as well on an 
8088 or an 8086. 


The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assignments are 
nearly identical, however, with the following functional 
changes: 


@ Ag-Ai15— These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar to 
the 8085 upper address lines. 


BHE has no meaning on the 8088 and has been eliminated. 


SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode only. 
DT/R, |O/M, and SSO provide the complete bus status in 
minimum mode. 


1O/M has been inverted to be compatible with the MCS-85 
bus structure. 


ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched with 
ALE. 


1/O Addressing 


In the 8088, I/O operations can address up to a maximum of 
64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15- Ao. The 
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address lines Aig~Ay6 are zero in |/O operations. The 
variable 1/O instructions, which use register DX as a pointer, 
have full address capability, while the direct !/O instructions 
directly address one or two of the 256 I/O byte locations in 
page 0 of the |/O address space. |/O ports are addressed in 
the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 design 
should note that the 8085 addresses I/O with an 8-bit address 
on both halves of the 16-bit address bus. The 8088 uses a full 
16-bit address of its lower 16 address lines. 


Bus Operation 


The 8088 address/data bus is broken into three parts — the 
lower eight address/data bits (ADg - AD7), the middle eight 
address bits (Ag-—Aj45) and the upper four address bits 
(Aig —Aig9). The address/data bits and the highest four 
address bits are time multiplexed. This technique provides the 
most efficient use of pins on the processor, permitting the use 
of a standard 40 lead package. The middle eight address bits 
are not multiplexed; i.e., they remain valid throughout each bus 
cycle. In addition, the bus can be demultiplexed at the 
processor with a single address latch if a standard, non- 
multiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK cycles. 
These are referred to as T1, T2, T3 and T4. The address is 
emitted from the processor during T1 and data transfer occurs 
on the bus during T3 and T4. T2 is used primarily for changing 
the direction of the bus during read operations. In the event 
that a "NOT READY" indication is given by the addressed 
device, ''wait'' states (Tw) are inserted between T3 and T4. 
Each inserted ''wait'' state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus cycles. 
These are referred to as "idle’’ states (Ti) or inactive CLK 
cycles. The processor uses these cycles for internal house- 
keeping. 


During T1 of any bus cycle, the ALE (address latch enable), 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status informa- 
tion for the cycle may be latched. 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to the following table: 


_—S2_{ §:| So |_Cheractersies_ 


interrupt Acknowledge 
Read 1/O 
Write I/O 


Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 
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Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. S3 
and S4 indicate which segment register was used for this bus 
cycle in forming the address according to the following table: 


| Ss [ss{ Characteristics | 


0 (LOW) Alternate Data (extra segment) 


0 Stack 
1 (HIGH) Code or None 





S5 is a reflection of the PSW interrupt enable bit. S6 is always 
equal to 0. 


External Interface 
Processor Reset and Initialization 


Processor initialization or start up is accomplished with activa- 
tion (HIGH) of the RESET pin. The 8088 RESET is required to 
be HIGH for greater than four clock cycles. The 8088 will 
terminate operations on the high-going edge of RESET and 
will remain dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset sequence for 
approximately 7 clock cycles. After this interval the 8088 
operates normally, beginning with the instruction in absolute 
location FFFFOH (see Figure 3). The RESET input is internally 
synchronized to the processor clock. At initialization, the HIGH 
to LOW transition of RESET must occur no sooner than 50 us 
after power up, to allow complete initialization of the 8088. 


If INTR is asserted sooner than nine clock cycles after the end 
of RESET, the processor may execute one instruction before 
responding to the interrupt. 


All three-state outputs float to three-state OFF during RESET. 
Status is active in the idle state for the first clock after RESET 
becomes active and then floats to three-state OFF. 


Interrupt Operations 


Interrupt operations fall into two classes: software or hardware 
initiated. The software initiated interrupts and software as- 
pects of hardware interrupts are specified in the instruction set 
description in the iAPX 88 book or the iAPX 86, 88 User's 
Manual. Hardware interrupts can be classified as nonmask- 
able or maskable. 


Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 3), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt ''type.'' An interrupting device 
supplies an 8-bit type number, during the interrupt acknowl- 
edge sequence, which is used to vector through the appropri- 
ate element to the new interrupt service program location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt (NMI) 
pin which has higher priority than the maskable interrupt 
request (INTR) pin. A typical use would be to activate a power 
failure routine. The NMI is edge-triggered on a LOW to HIGH 
transition. The activation of this pin causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of greater 
than two clock cycles but is not required to be synchronized to 
the clock. Any higher going transition of NMI is latched on-chip 
and will be serviced at the end of the current instruction or 
between whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to NMI would be 
for multiply, divide and variable shift instructions. There is no 
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specification on the occurrence of the low-going edge; it may 
occur before, during or after the servicing of NMI. Another 
high-going edge triggers another response if it occurs after the 
start of the NMI procedure. The signal must be free of logical 
spikes in general and be free of bounces on the low-going 
edge to avoid triggering extraneous responses. 


Maskable Interrupt (INTR) 


The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the resetting 
of the interrupt enable (IF) flag bit. The interrupt request signal 
is level triggered. It is internally synchronized during each 
clock cycle on the high-going edge of CLK. To be responded 
to, INTR must be present (HIGH) during the clock period 
preceding the end of the current instruction or the end of a 
whole move for a block type instruction. During interrupt 
response sequence, further interrupts are disabled. The en- 
able bit is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the FLAGS 
register which is automatically pushed onto the stack reflects 
the state of the processor prior to the interrupt. Until the old 
FLAGS register is restored, the enable bit will be zero unless 
specifically set by an instruction. 


During the response sequence (see Figure 1), the processor 
executes two successive (back to back) interrupt acknowl- 
edge cycles. The 8088 emits the LOCK signal (maximum 
mode only) from T2 of the first bus cycle until T2 of the 
second. A local bus "hold" request will not be honored until 
the end of the second bus cycle. In the second bus cycle, a 
byte is fetched from the external interrupt system (e.g., 8259A 
PIC) which identifies the source (type) of the interrupt. This 
byte is multiplied by four and used as a pointer into the 
interrupt vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 


HALT 


When a software HALT instruction is executed, the processor 
indicates that it is entering the HALT state in one of two ways, 
depending upon which mode is strapped. In minimum mode, 
the processor issues ALE, delayed by one clock cycle, to allow 
the system to latch the halt status. Halt status is available on 
1O/M, DT/R and SSO. in maximum mode, the processor 
issues appropriate HALT status on S2, S1 and SO, and the 
8288 bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request or RESET 
will force the 8088 out of the HALT state. 


Read/Modify/Write (Semaphore) Operations via 
LOCK 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the execu- 
tion of an instruction. This allows the processor to perform 
read/modify/write operations on memory (via the ''exchange 
register with memory" instruction), without another system 
bus master receiving intervening memory cycles. This is useful 
in multiprocessor system configurations to accomplish ''test 
and set lock'’ operations. The LOCK signal is activated (LOW) 
in the clock cycle following decoding of the LOCK prefix 
instruction. It is deactivated at the end of the last bus cycle of 
the instruction following the LOCK prefix. While LOCK is 
active, a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 
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TYPE VECTOR 


WF008550 


Figure 1. Interrupt Acknowledge Sequence 


External Synchronization via TEST 


As an alternative to interrupts, the 8088 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active (LOW). 
The execution of WAIT does not consume bus cycies once the 
queue is full. 


If a local bus request occurs during WAIT execution, the 8088 
three-states ail output drivers. If interrupts are enabled, the 
8088 will recognize interrupts and process them. The WAIT 
instruction is then refetched, and reexecuted. 


Basic System Timing 


In minimum mode, the MN/MX pin is strapped to Vcc and the 
processor emits bus control signals compatible with the 8085 
bus structure. In maximum mode, the MN/MxX pin is strapped 
to GND, and the processor emits coded status information, 
which the 8288 bus controller uses to generate MULTIBUS 
compatible bus control signals. 


System Timing — Minimum System 


The read cycle begins in T1 with the assertion of the address 
latch enable (ALE) signal. The trailing (low going) edge of this 
signal is used to latch the address information, which is valid 
on the address/data bus (ADO —-AD7) at this time, into the 
8282/8283 latch. Address lines A8 through A15 do not need 
to be latched because they remain valid throughout the bus 
cycle. From T1 to T4 the IO/M signal indicates a memory or 
1/O operation. At T2 the address is removed from the 
address/data bus, and the bus goes to a high impedance 
state. The read control signal is also asserted at T2. The read 
(RD) signal causes the addressed device to enable its data 
bus drivers to the local bus. Some time later, valid data will be 
available on the bus and the addressed device will drive the 
READY line HIGH. When the processor returns the read signal 
to a HIGH level, the addressed device will again three-state its 
bus drivers. If a transceiver (8286/8287) is required to buffer 
the 8088 local bus, signals DT/R and DEN are provided by the 
8088. 
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A write cycle also begins with the assertion of ALE and the 
emission of the address. The IO/M signal is again asserted to 
indicate a memory or |/O write operation. In T2, immediately 
following the address emission, the processor emits the data 
to be written into the addressed location. This data remains 
valid until at least the middie of T4. During T2, T3 and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide time 
for the bus to float. 


The basic difference between the interrupt acknowledge cycle 
and a read cycle is that the interrupt acknowledge (INTA) 
signal is asserted in place of the read (RD) signal and the 
address bus is floated (see Figure 1). In the second of two 
successive INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic (i.e., 8259A 
priority interrupt controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as described 
earlier. 


Bus Timing — Medium Complexity Systems 


For medium complexity systems, the MN/MX pin is connected 
to GND and the 8288 bus controller is added to the system, as 
well as an 8282/8283 latch for latching the system address, 
and an 8286/8287 transceiver to allow for bus loading greater 
than the 8088 is capable of handling. Signals ALE, DEN and 
DT/R are generated by the 8288 instead of the processor in 
this configuration, although their timing remains relatively the 
same. The 8088 status outputs (S2, S1 and S0) provide type 
of cycle information and become 8288 inputs. This bus cycle 
information specifies read (code, data or |/O), write (data or 
I/O), interrupt acknowledge, or software halt. The 8288 thus 
issues control signals specifying memory read or write, |/O 
read or write or interrupt acknowledge. The 8288 provides two 
types of write strobes, normal and advanced, to be applied as 
required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 8286/8287 transceiver receives 





8088 


carter tonite te A ME EEO 





Fn nb mee galiesanee gee eat rane ate art ina ene pe tate eae ie ae, aD ae EL ch I RL NB St cee ce ee ee ee Ee Bl a OA aed eet eS pee or Sine Blea eee amie anenr nes opts enn ems errant Rone peas + 


the usual T and OE inputs from the 8288's DT/R and DE 
outputs. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 8259A 
located on either the local bus or the system bus. If the master 
8289A priority interrupt controller is positioned on the local 
bus, a TTL gate is required to disable the 8286/8287 
transceiver when reading from the master 8259A during the 
interrupt acknowledge sequence and software ‘'poll.” 


Memory Organization 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra data and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries (see 
Figure 2). 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of pro- 
grams. The segment register to be selected is automatically 
chosen according to the rules of the following table. All 
information in one segment type share the same logical 
attributes (e.g., code or data). By structuring memory into 
relocatable areas of similar characteristics and by automatic- 
ally selecting segment registers, programs are shorter, faster 
and more structured. 
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Figure 2. Memory Organization 
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Segment Register 
Used Segment Selection Rule 


CODE (CS) Automatic with all instruction prefetch. 


Stack STACK (SS) All stack pushes and pops. Memory references relative to BP base reg- 
ister except data references. 
DATA (DS) 
or explicitly overridden. 
EXTRA (ES) Destination of string operations: Explicitly selected using a segment 
Data override. 
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Word (16-bit) operands can be located on even or odd 
address boundaries. For address and data operands, the least 
significant byte of the word is stored in the lower valued 
address location and the most significant byte in the next 
higher address location. The BIU will automatically execute 
two fetch or write cycles for 16-bit operands. 


Certain locations in memory are reserved for specific CPU 
operations (see Figure 3). Locations from addresses FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial system initialization routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OO000H through OO3FFH 
are reserved for interrupt operations. Four-byte pointers con- 
sisting of a 16-bit segment address and a 16-bit offset address 
direct program flow to one of the 256 possible interrupt service 
routines. The pointer elements are assumed to have been 
stored at their respective places in reserved memory prior to 
the occurrence of interrupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maximum 8088 
systems are sufficiently different that they cannot be done 
efficiently with 40 uniquely defined pins. Consequently, the 
8088 is equipped with a strap pin (MN/MX) which defines the 
system configuration. The definition of a certain subset of the 
pins changes, dependent on the condition of the strap pin. 
When the MN/MxX pin is strapped to GND, the 8088 defines 
pins 24 through 31 and 34 in maximum mode. When the MN/ 
MX pin is strapped to Vcc, the 8088 generates bus control 
Signals itself on pins 24 through 31 and 34. 


RESET BOOTSTRAP 
PROGRAM JUMP : 
e@ 


FFFFFH 


FFFFOH 










3FFH 


3FOH 


e 
INTERRUPT POINTER 
FOR TYPE 255 
@ 


7H 





INTERRUPT POINTER 


FOR TYPE 1 aH 





INTERRUPT POINTER 3H 
FOR TYPE 0 
OH 
DF004540 


Figure 3. Reserved Memory Locations 








when: relative to stack, destination of string operation, 
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The minimum mode 8088 can be used with either a multi- | 





plexed or demultiplexed bus. The multiplexed bus configura- 
tion is compatible with the mcs-85'M multiplexed bus periph- 
erals (8155, 8156, 8355, 8755A, and 8185). This configuration 
(see Figure 4) provides the user with a minimum chip count 
system. This architecture provides the 8088 processing power 
in a highly integrated form. 


The demultiplexed mode requires one latch (for 64K address- 
ability) or two latches (for a full megabyte of addressing). A 
third latch can be used for buffering if the address bus loading 
requires it. An 8286 or 8287 transceiver can also be used if 
data bus buffering is required (see Figure 5). The 8088 
provides DEN and DT/R to control the transceiver, and ALE to 
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Figure 4. Multiplexed Bus Configuration 





latch the addresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure with heavy 
bus buffering and relaxed bus timing requirements. 


The maximum mode employs the 8288 bus controller (see 
Figure 6). The 8288 decodes status lines SO, ST and S2 and 
provides the system with all bus control signals. Moving the 
bus control to the 8288 provides better source and sink 
current capability to the control lines and frees the 8088 pins 
for extended large system features. Hardware lock, queue 
status and two request/grant interfaces are provided by the 
8088 in maximum mode. These features allow co-processors 
in local bus and remote bus configurations. 
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Figure 5. Demultiplexed Bus Configuration 
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Figure 6. Fully Buffered System Using Bus Controller 
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Figure 7. Basic System Timing 
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Figure 8. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65 to +150°C 
Voltage on any Pin 
with Respect to Ground -1.0 to +7.0 V 


Power Dissipation ..................ccccceeseeeeeeesceeeeeeeees 2.5 W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 





OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


8088-1, 8088-2 


industrial (1) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


reliability. 
8088-1, 8088-2 
Military (M) Devices 
Temperature (Tc) 
Supply Voltage (Vcc) 


-55 to +125°C 
5 V + 10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range (for APL, Products, Group A, Subgroups 1, 2, 3 are 
tested unless otherwise noted) 


Parameter 

Symbol Parameter Description Test Conditions erent 
|COML: see Note? = |COML: see Note? = Note 1 

Vit Input Low Voltage 
MIL: Voc = Min. & Max. 

Vint Inout High Volta COML: see Notes 1 & 2 Bisa cate , 

npu 1 e 
7 alee: : MIL: Voc = Min & Max. cc 


Output Low Voltage MIL: PML igu=20,mA =20mA V 
ee = Min. 
COML: Ion =-400 pA 
“Jee = Min. 


Power Supply Current (Note 6) MIL: Tc = 25°C, Voc = Max. 


COWL: 0 V<Vin <Voo a 
Wn =§55V&0V 
GOML: 0.45 V<Vout <Veo — 
lLott Output Leakage Current MIL: Voc = Max. 
Vout = 5.5 V & 0.45 V 


MIL -10 MIL 10 
Clock Input Low Volage eee eee eee 
Clock Input High Voltage eee 


Capacitance of input Buffer (Ali input except fo=1 MHz 





+ 0.6 
Voc +1.0 


ADo-AD7, RQ/GT) 


Va ree 
vow ee 
Co eel la 
a 
om feos, 2 | CS 
a 


. Vit. tested with MN/MX pin =0 V; Viy_ tested with MN/MX pin = 5 V; MN/MX is a strap pin. 
. Not applicable to RO/GTO and RQ/GT1 pins (pins 30 and 31). 
. Signal at 8284 or 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and Wait states. 
. loc is measured while running a functional pattern with spec value lo./loH loads applied. 

* Guaranteed by design; not tested. 

t Group A, Subgroups 7 and 8 only are tested. 

tt Group A, Subgroups 1 and 2 only are tested. 


Power Supply Current Ta = 28°C 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


8088 8088-2 


Parameter Parameter Test 
Symbol Description Conditions 


[Tore [otk oyele Perog SSCS 
[roicH [ouK tow Time —SSSidSSCSC~d 


o 
o 
[es] 5 
’ 
= 
Cc 
2 
- 
@ 


tae) 





>] QD 
>] @ 


oO 


oO 


TCLDX Data in Hold Time 


RDY Set-up Time into 8284 
TRIVCL (See Notes 3, 4) 


TDVCL Data in Set-up Time aa 


RDY Hold Time into 8284 
TCLRIX (See Notes 3, 4) 
TRYHCH READY Set-up Time into 8088 
TCHRYX READY Hold Time into 8088 


READY Inactive to CLK 


nN 
oO 


18 
118 
35 


Nm 
oO 


= 
oO 


THVCH HOLD Set-up Time 
INTR, NMI, TEST Set-up Time 
TINVCH (See Note 4) 


TILIH Input Rise Time (Except CLK) From 0.8 to 2.0 V | 
TIHIL Input Fall Time (Except CLK) From 2.0 to 0.8 V 


Le) 
Ls) 
















SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
TIMING RESPONSES 




























Parameter | Parameter Test 

Symbol Description Conditions | min | Max | Min | Max | Min | Max | 
ea eS LS SR PO AST aa (A 
[roux [80 [ Toax [ so | i | «0 | ns __ 
a OO 
Ts fs Cs 
CD ee i a a 
Ce = 
ee a eS ee ee Se 
facie [rears [ [rao [ Lm 
po | to tots 
c.=20-100 pF {10 | 10 | 10 | 0 [ 1 | 4 | ns 
rine we wie, (ia 10 NOI) gO gO ee 

TAZRL Address Float to to internal loads) 
ee ee coe ee |e ee ee ee 
[of ves [to [0 [od mf rs 
OO 

TRHAV RD inactive to Next TCLCL -45 TCLCL ~40 TCLCL ~35 
TRAY [woes Acme icscareiss | [ectaca OM cecxe | Rael 
ER ee 
PTRLRH [RD Width Jarcic. -75| ss farcici -50| sf aTcici-40] ons 
WR Width jarcict -6o| ss farcict -4o| ss facici-35/ |_| 
sat Sd A sd RE Sol 
| TOLOH | Output Rise Time [Fromostozov{ ss | 20 [| | | ts 
From 20toosv] | 2 fT te tes 
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SWITCHING TEST INPUT/OUTPUT WAVEFORM SWITCHING TEST LOAD CIRCUIT 





WF006760 


UNDER 
1.5 <= TEST POINTS —=- 1.5 | C, = 99 pF + 20 pF 


WF006771 


AC testing inputs are driven at 2.4 V for a logic ''1"' and C. Includes JIG Capacitance. 
0.45 V for a logic ''0."" The clock is driven at 4.3 V and 

0.25 V. Timing measurements are made at 1.5 V for both 

a logic ''1"' and ''0." 





SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 





8088 8088-2 8088-1 


Parameter | Parameter Test 
Symbol Description Conditions 


Prcuct | GiK Gycle Poros ———SSCSC~sSC“‘“‘S;SC~* 
Prouch [otk tow Time —SOSC—~—“‘~sdCSC“‘;C;*~* 
Proc. [GLK High Time Si CS 


es) 
a] 
i] 
< 


TCL2CL1 CLK Fall Time From 3.5 to 1.0 V 
TDVCL Data in Set-up Time 
TCLDX Data in Hold Time 


RDY Set-up Time into 8284 


10 __ 


~- 
o 


RDY Hold Time into 8284 
TCLRIX (See Notes 1,2) 
TRYHCH READY Set-up Time into 8088 
TCHRYX READY Hold Time into 8088 


READY inactive to CLK 

Set-up Time for Recognition 
TINVCH (INTR, NMI, TEST) 

(See Note 2) 


TGVCH _| RO/GT Set-up Time 
TCHGX RQ Hold Time into 8086 te 


Input Rise Time 

TILIH (Except CLK) From 0.8 to 2.0 V 
Input Fall Time 

TIHIL (Except CLK) From 2.0 to a Vv 


Notes: 1. Signal at 8284 or 8288 shown for reference only. 
2. Set-up requirement fr asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 ard Wait states. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 


TIMING RESPONSES 
| 10 
| 10 























Test 
Conditions 


Parameter 
Description 


Command Active Delay 
(See Note 1) 


Command Inactive Delay 
(See Note 1) 


READY Active to Status 
Passive (See Note 3) 


Status Active Delay 
Status Inactive Delay 
Address Valid Delay 
Address Hold Time 
Address Fioat Delay 


Status Valid to ALE High 
(See Note 1) 


Status Valid to MCE High 
(See Note 1) 


CLK Low to ALE Valid 


Parameter 
Symbol 


TCLML 
TCLMH 


TCHSV 
TCLSH 
TCLAV 
TCLAX 


TCLAZ 


110 


TCLAX 


TSVLH 


TSVMCH 


4 
I t ‘@) 
N“N > 
nn on 


beak (See Note 1) ae 
CLK Low to MCE High 
TCLMCH (See Note 1) 
ALE Inactive Delay Cy = 20-100 pF 
TEHEE (See Note 1) for all 8088 in| 
outputs (in addition 
TCLMCL MCE inactive Delay to internal loads) 


(See Note 1) 


TCLDV Data Valid Deiay 
TCHDX Data Hold Time 


Control Active Delay 
TCVNV (See Note 1) 

Control Inactive Delay 
TCVNX (See Note 1) 

Address Float to 
TCLRL RD Active Delay 
TCLRH RD Inactive Delay 


RD Inactive to Next 
TRHAV Address Active 

Direction Control Active 
TCHDTL Delay (See Note 1) 

Direction Control Inactive 
TOHOTH Delay (See Note 1) 


TCLGL GT Active Delay 
TCLGH GT Inactive Delay 


TOLOH Output Rise Time From 0.8 to 2.0 V 
TOHOL Output Fall Time From 2.0 to 0.8 V 


Notes: 1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to To state (8 ns into T3 state). 
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SWITCHING CHARACTERISTICS over MILITARY operating range (for APL Products, Group A, 
Subgroups 9, 10, 11 are tested unless otherwise noted) 


















MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 








8088 8088-2 














Test Conditions 
(Note 6) 


Parameter Parameter 
Symbol Description 


From 1010 98 V 
From 85 10 1.0 V 


RDY Setup Time into 8284A 
TRIVCL (Notes 1 & 2) 

RDY Hold Time into 8284A 
TOLRIX (Notes 1 & 2) 


TRYHCH READY Setup Time into 8088 
TCHRYX READY Hold Time into 8088 


READY Inactive to CLK 
TRYLCL (Note 3) 


THVCH HOLD Setup Time 


INTR, NMI, TEST Setup 
TINVCH Time (Note 2) 


Input Rise Time 
TILIH (Except CLK) (Note 5) From 0.8 to 2.0 V 


TIHIL Input Fall Time (Except CLK) (Note 5) From 2.0 to 0.8 V 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
.- Voc =45 V, 5.5 V ViH 72.4 V 
Vir @.45V Vic *=4.3 V 
Vitc =.25 V VoH =16V 
Vo. =1.4V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Vcc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Voc =45 V Vo. = 1V 
Vii +2 O0V ViH = 4V 
Vic =O V Vinc = 5 V 
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued) 


TIMING RESPONSES 













8088 






Parameter 
Description 
Address Valid Delay 
Address Hold Time (Notes 7 & 8) 
Address Float Delay (Note 8) 
ALE Width (Note 10) 
ALE Active Delay (Note 8) 
ALE Inactive Delay (Note 8) 


Address Hold Time to 
ALE Inactive (Note 7) 


Data Valid Delay (Note 8) 

Data Hold Time (Note 10) 

TWHDX Data Hold Time After WR (Note 9) 
TCVCTV Contro! Active Delay 1 (Note 8) 


TCHCTV Contro! Active Delay 2 (Note 8) Cy = 100 pF 
TCVCTX Controi inactive Delay (Note 8) Gusts On addition 


TAZRL Address Float to to internal loads). 
READ Active (Note 9) 


TCLRL RD Active Delay (Note 8) 
TCLRH RD Inactive Delay (Note 8) 


RD Inactive to Next 
TRHAV Address Active (Note 10) 


HLDA Valid Delay (Note 8) 
RD Width (Note 10) 
WR Width (Note 10) 


Address Valid to ALE Low 
(Note 9) 


Output Rise Time (Note 9) From 0.8 to 2.0 V 
Output Fall Time (Note 9) From 2.0 to 0.8 V 


™ 


Parameter 
Symbol 
TCLAV 
TCLAX 
TCLAZ 
TLHLL 
TCLLH 
TCHLL 


Test Conditions (Note 
6) 


TLLAX 


TCLDV 
TCHDX 


oj] — 
@i;olro 
a 
—_ 
oO 


_ 
oO 


70 
70 
10 
100 


TCLHAV 


TRLRH 
TWLWH 
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TOLOH 
TOHOL 
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. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
-Voo =45 V, 5.5 V Vip =2.4 V 
Vii = .45 V Vino =4.3 V 
Vitc =.25 V VOH =1.6V 
Vo. =14V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Vcc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Voc =45 V VoL 
Vi =OV 
Viic =O V 
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| Parameter 
Symbol 
TCLCL 
TCLCH 
TCHCL 
TCH1CH2 
TCL2CL1 
TDVCL 
TCLOX 


TRIVCL 


TCLR1X 


TRYHCH 
TCHRYX 


TRYLCL 
TINVCH 


TGVCH 
TCHGX 


TILIH 


TIHIL 


1-54 


Vv 
. Minimum spec tested at Vcc Max. (5.5 V 
. Maximum spec tested at Vcc Min. (4.5 V 
. Tested at Vcc Max. (5.5 V) only. 

. Tested at Voc Min. (4.5 V) only. 

. Test conditions for TCLCL Max. are: 


Parameter 
Description 


CLK LOW Time 


Data in Setup Time 


Data in Hold Time 


RDY Setup Time into 8284A 
(Notes 1 & 2) 
RDY Hold Time into 8284A 
(Notes 1 & 2) 


READY Setup Time into 8088 


READY Hold Time into 8088 


READY Inactive to CLK 
(Note 3) 

Setup Time for Recognition 
(INTR, NMI, T 

(Note 2) 


RQ/GT Setup Time 
RO Hold Time into 8086 


Input Rise Time 
(Except CLK) (Note 5) 


Input Fail Time 
(Except CLK) (Note 5) 


Vii = 45 V Vino = 4.3 V 
Vitc =.25 V VoH = 1.6 
Vo. 714 V 


Voc =45 V VoL 1V 
Vi 2 OV VIH 4V 
Vitc =O V Vinc = 5V 


) only. 
) only. 


Test Conditions 
(Note 6) 





From 1.0 to 3.5 V 
From 3.5 to 1.0 V 


From 0.8 to 2.0 V 


From 2.0 to 0.8 V 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 

. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
Voc =45 V, 5.5 V Vip =2.4V 
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SWITCHING CHARACTERISTICS over MILITARY operating range (continued) 
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 


8088-2 


12 


= 
o 


_ 
an 


— | mw 
oO};oO 












SS SB SoS Re cc Sat ac cic ae ot te ES he Let I WE TS RM a ee eS ee Se ee ore ean canet cat clans Sa eS ten ae al act Td a ARETE EAT abt tpt el ea SD GAS ABD LEONA EAA Tan 













SWITCHING CHARACTERISTICS over MILITARY operating range (continued) 
TIMING RESPONSES 















8088 8088-2 










Test Conditions 
(Note 6) 


Parameter 
Description 


Command Active Delay 
(Note 1) 


Command Inactive Delay 
(Note 1) 


READY Active to Status 
Passive (Note 4) 


TCHSV Status Active Delay (Notes 7 & 8) 
TCLSH Status inactive Delay 

TCLAV Address Valid Delay 

TCLAX Address Hold Time 

TCLAZ Address Float Delay 


Status Valid to ALE HIGH 
(Note 1) 


Status Valid to MCE HIGH 
(Note 1) 


CLK LOW to ALE Valid 
(Note 1) 


CLK LOW to MCE HIGH 
(Note 1) 


ALE Inactive Delay 
(Note 1) 


MCE inactive Delay 
(Note 1) 


Data Valid Delay 
Data Hold Time 


Control Active Delay 
(Note 1) 


Control Inactive Delay 
(Note 1) 


Address Float to 
Read Active 


RD Active Delay 
RD Inactive Delay 


RD Inactive to Next 
Address Active 


Direction Control Active 
Delay (Note 1) 


Direction Control Inactive 
Delay (Note 1) 


GT Active Delay (Note 8) 
GT Inactive Delay (Note 8) 
RD Width 


Output Rise Time From 0.8 to 2.0 V 


Output Fall Time From 2.0 to 0.8 V 


Parameter 
Symbol 


TCLML 





TCLMH 


p=] 
a 


q 


TRYHSH 


~“ 
oS 
=] 
@ 


ns 


TSVLH 


p=] 
a 


TSVMCH 
TCLLH 


TCLMCH 


Cy. = 100 pF 

for ali 8088 
Outputs (in addition 
to internal loads) 


—_ 


TCHLL 


TCLMCL 


TCLDV 
TCHDX 


TCVNV 


TCVNX 


TAZRL 


TCLRL 
TCLRH 


TRHAV 


TCHOTL 


TCHDTH 


TCLGL 
TCLGH 
TRLRH 
TOLOH 
TOHOL 


. Signal at 8284A and 8288 shown for reference only. 
. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
. Applies only to T3 and wait states. 
. Applies only to T2 state (8 ns into T3). 
. Not tested; these specs are controlled by the Teradyne J941 tester. 
. Voc =4.5 V, 5.5 V Vip =2.4V 
Vii ==.45 V Vic =4.3 V 
Viic =.25 V VoH =1.6V 
Vo. =1.4V 
. Minimum spec tested at Vcc Max. (5.5 V) only. 
. Maximum spec tested at Voc Min. (4.5 V) only. 
. Tested at Vcc Max. (5.5 V) only. 
. Tested at Vcc Min. (4.5 V) only. 
. Test conditions for TCLCL Max. are: 
Voc =45 V 
Vi =0V 
Vic =O V 
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SWITCHING WAVEFORMS 


BUS TIMING - MINIMUM MODE SYSTEM 
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SWITCHING WAVEFORMS 


BUS TIMING - MINIMUM MODE SYSTEM (continued) 


TonrcHa ToL2cn Tw 





3| 





YCLOX 


AD,-ADg 


POINTER 
TCHCTV 
oR ' é, 


NTA CYCLE 
NOTES 1,3 ~~ 
(RO. WR = Voy) f 


; a! | 
me él 4s 
TWHOX 
VOVCTX 
WRITE CYCLE Ren 
- - P| z 





BEN 
SOFTWARE HALT 
DEN, RO, WR, INTA = Voy, AD7-ADo i) INVALID ADORESS SOFTWARE HALT 
O1/A INDETERMINATE ( 
TCLAV 


WF006780 


Notes: 1. All signals switch between Voy and Vo, unless otherwise specified. 
2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 


3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control signals 
are shown for the second INTA cycle. 


4. Signals at 8284 are shown for reference only. 
5. All timing measurements are made at 1.5 V unless otherwise noted. 
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SWITCHING WAVEFORMS (continued) 


BUS TIMING - MAXIMUM MODE 


: Sette 


er 
Cee ae = ara 
|) = ee = a 


[pet [TT Tt 


peta 


NY —— 


TRYLCL 
be 
TR 
Ch 






NS BIN a ROME NS tats, “SO LA 





PR RRLADES 5 Sita SS ati AWN A aR UA RLS CORNERS UE ERASER: SRE Ae PERN SARA OUN thats * REIT Te Lt te eh om nn Sarr Rete eI e et RaE R  Di A aE ATE ER SAG Rg EAE te Te cS a ma eo “even RL th Date BC a te ba UB ate am ao an ep dec heme 


AMD ct 





SWITCHING WAVEFORMS (continued) 


BUS TIMING - MAXIMUM MODE SYSTEM (USING 8288) 


Ty a7) 


Voy po TONSV ty 


i i — 
\ ) YY 
Mf 


&,, 5), & (excerpt wan 


WRITE CYCLE TCLAV 


~—< ioe ceteeet 





6288 OUTPUTS } AMWC OR AIOWC 
SEE NOTES 6.6 
aT =| 


MWIT on OWE 
INTA CYCLE 
Ais-Ag (cee) FOR 


(SEE NOTES 3, 4) (cee) AOOR FLOAT FLOAT 


FLOAT 
MCE / 
PoEA / 
TCHDTH 
oA 
OUTPUTS 
SEE NOTES 5,6 
TA 
OEN 





SOFTWARE aa ee 
WALT — (OEN = Vo, ; RO, MROC, IORC, MWTC, AMWGE, IOWCT, AIOWC, INTA, OT/A = Voy). 


AD7-ADp, Ayg-Ag WNVALIO ADORESS 


8, 5), & 





WF006801 


Notes: 1. All signals switch between VoH and Vo. unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycles. 
4 


. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 


5. Signals at 8284 or 8288 are shown for reference only. 


6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) 
lags the active high 8288 CEN. 


7. All timing measurements are made at 1.5 V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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SWITCHING WAVEFORMS (continued) 


ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE 
ONLY) 


ANY CLK cYcLe=| 


TINVCH (SEE NOTE 1) 


WF006820 WF006830 


Note: Set-up requirements for asynchronous signals only to guarantee recognition at next CLK. 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


COPROCESSOR 
(SEE NOTE 1) 
WF006840 


Note: The coprocessor may not drive the buses outside the region shown without rising contention. 


HOLD/HOLD ACKNOWLEDGE TIMING (MIMIMUM MODE ONLY) 


21 CLK CYCLE 1 OR 2 CYCLES 
THVCH (SEE NOTE 1) THVCH 
HOLD 
TCLHAV 
—— 

HLDA 

+ 

T 
——___+ 
8088 


—_—_———_ 


WF006851 


Note: All signals switch between Voy and Vo. unless otherwise specified. 
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DATA TRANSFER 


MOV = Move 
Register/memory to/from register 


Immediate to register/memory 
Immediate to register 

Memory to accumulator 

Accumulator to memory 
Register/memory to segment register 


Segment register to register/memory 


PUSH = Push: 
Register/memory 
Register 


Segment register 


POP = Pop: 
Register/memory 


Register 


Segment register 


XCHG = Exchange: 
Register/memory with register 


Register with accumulator 


IN = input from: 
Fixed port 


Variable port 


OUT = Output to: 

Fixed port 

Variable port 

XLAT = Transtate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LANF = Load AH with flags 
SANF = Store AH into flags 
PUSHF = Push flags 

POPF = Pop flags 


8086/8088 
INSTRUCTION SET SUMMARY 


76543210 76543210 76543210 76543210 


mod 0.0.0 #/m 
1011 w reg data 
adr high 
1010001w addr-low 


mod 0 reg r/m 


: 
| 
i 


10001110 


10001100 mod 0 reg r/m 


111114111 mod 110 r/m 


01010 reg 


000reg 110 


10001111 mod 0 0 0 r/m 


01011 reg 
000reg 111 


10000i11w mod reg r/m 


1001 0 reg 


1110011w 
1110111w 
11010111 
10001101 mod reg r/m 


11000101 mod reg r/m 
11000100 


mod reg r/m 


10011100 
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INSTRUCTION SET SUMMARY (continued) 


ARITHMETIC 

ADD = Add 76543210 76543210 76543210 76543210 
Reg/memory with register to either 

Immediate to rogitr/ memory 


ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


mod 0 1 0 r/m data data if sw=01 


Immediate to accumulator 0001010Ww data data if w= 1 


immediate to register/memory 100000sw 


INC = increment: 


Register/memony REREREEC OM XC07 
Register 
AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = Subtract: 


Reg/memory and register to either 001010dw 


mod reg r/m 


Immediate from register/memory 100000sw mod 1 0 1 r/m data data if s:‘w=01 


Immediate from accumulator 0010110w data data if w= 1 


SBB = Subtract with borrow: 


Reg/memory and register to either 000110dw 


mod reg r/m 


Immediate from register/memory 100000sw mod 0 1 1 r/m data data if s:w = 01 


immediate from accumulator 0001110Ww data data if w= 1 


DEC = Decrement: 


Register/memory 171111711Ww0 mod 0 0 1 r/m 


Register 01001 reg 


NEG Change sign mod 0 1 1 r/m 


CMP = Compare: 


Register/memory with register 0011101w 


mod reg r/m 


Register with register/memory 0011100w mod reg r/m 


immediate with register/memory 100000sw mod 111 1/m da data if s:w = 01 


Immediate with accumulator 0011110Ww data data if w=1 


AAS ASCII adjust for subtract 


DAS Decimal adjust for subtract 


MUL Mulitiply (unsigned) 1111011w mod 100 r/m 


IMUL Integer multiply (signed): mod 1 0 1 r/m 


AAM ASCII adjust for multiply 11010100 00001010 


mod 110 1r/m 


DIV Divide (unsigned): 
IDIV Integer divide (signed) 11171011Ww mod 11 i */m 
AAD ASCH adjust for divide 00001010 
CBW Convert byte to word 10011000 


CWD Convert word to double word 10011001 
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INSTRUCTION SET SUMMARY (continued) 


LOGIC 


NOT Invert 

SHL/SAL Shift logical/arithmetic left 
SHR Shift logical right 

SAR Shift arithmetic right 

ROL Rotate left 

ROR Rotate right 

RCL Rotate through carry flag left 
RCR Rotate through carry right 


AND = And: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 


Immediate data and accumulator 


OR = Or: 


Reg/memory and register to either 


immediate to register/memory 


Immediate to accumulator 


XOR = Exclusive or: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


STRING MANIPULATION: 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Store byte/wd from AL/A 


76543210 76543210 76543210 76543210 
111101%1w mod 0 10 r/m 


mod 100 r/m 


110100Vvw mod 10 1 r/m 


110100Vvw mod 111 1r/m 


mod 0 0 0 r/m 


110100Vvw mod 0 0 1 r/m 
mod 0 10 1r/m 


mod 0 1 1 r/m 


001000dw mod reg r/m 


1000000W mod 100 r/m data data if w= 1 


0010010Ww data data if w= 1 


1000010Ww mod reg r/m 


mod 0 0 0 r/m 


data data if w= 1 


data if w=1 


1010100w data 


000010dw mod reg r/m 


1000000Ww mod 0 0 1 r/m data data if w=1 
0000110w data data if w= 1 


001100dw mod reg r/m 


1000000Ww mod 110 1r/m data data if w= 1 


0011010w data data if w=1 


1010010w 


1010101w 
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INSTRUCTION SET SUMMARY (continued) 


CONTROL TRANSFER 


CALL = Call 76543210 76543210 76543210 76543210 
Direct within segment 11101000 disp-high 


mod 0 10 r/m 


indirect within segment 11111111 


Direct intersegment 10011010 offset-low offset-high 


seg-low seg-high 


Indirect intersegment 11111111 mod 0 1 1 r/m 


JMP = Unconditional jump: 


Direct within segment 11101001 disp-high 
Direct within segment-short 11101011 


mod 1 0 0 r/m 


Indirect within segment 11411111 


Direct intersegment 11101010 offset-low offset-high 
seg-low seg-high 


Indirect intersegment 111111141 mod 10 1 r/m 


RET = Return from CALL: 
Within segment 11000011 


Within segment adding immediate to SP 11000010 data-low data-high 


Intersegment 11001011 


intersegment adding immediate to SP 11001010 data-low data-high 


JE/JZ = Jump on equal/zero 01110100 


JL/JNGE = Jump on less/not greater or equal 011114100 


JLE/JNG = Jump on less or equal/not greater 0111141410 
JB/JNAE = Jump on below/not above or equal 01110010 


JBE/JNA = Jump on below or equal/not above 01110110 


JP/JPE = Jump on parity/parity even 01111010 


JO = Jump on overflow 01110000 


JS = Jump on sign 01111000 disp 
JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal 01111101 


JNLE/JG = Jump on not less or equal/greater 01111111 


JNB/JAE = Jump on not below/above or equal 01110011 | 


JNBE/JA = Jump on not below or equal/above 01110111 


JNP/JPO = Jump on not par/par odd 011110141 


JNO = Jump on not overflow 01110001 
JNS = Jump on not sign 01111001 


LOOP = Loop CX times 11100010 


LOOPZ/LOOPE = Loop while zero/equal 11100001 
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 


JCXZ = Jump on CX zero 11100011 
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INT = Interrupt 
Type specified 
Type 3 


INTO = Interrupt on overflow 


IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction 
STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 


ESC = Processor Extension Escape 


LOCK = Bus lock prefix 








INSTRUCTION SET SUMMARY (continued) 
CONTROL TRANSFER (continued) 


76543210 76543210 76543210 76543210 
11001101 type 


11001100 


11001110 


11111000 
11110101 
11111001 
11111100 
11111101 
11111010 
111110141 


11110100 


10011011 


11110000 





Footnotes: 


AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive. 

Less = less positive (more negative) signed values 

if d= 1 then "to" reg; if d= 0 then ''from" reg 

w= 1 then word instruction; if w=0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP =0 , disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is 
absent 

if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (DI) + DISP 
if r/m=010 then EA = (BP) + (SI) + DISP 
if r/m=011 then EA = (BP) + (Dl) + DISP 
if r/m= 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m= 110 then EA = (BP) + DISP* 

if r/m=111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if required) 
"except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 





if s;w=01 then 16 bits of immediate data form the operand. 

if sw=11 then an immediate data byte is sign extended to form the 
16-bit operand. 

if v=0 then "count" = 1; if v=1 then "count'’ in (CL) 

x = don't care 

z is used for string primitives for comparison with Z.F Flag. 


SEGMENT OVERRIDE PREFIX 
0 O 1 reg 1 1 =O 
REG is assigned according to the following table: 


16-Bit_ (w= 1) 8-Bit (w = 0) 


000 Ax 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 DI 111 BH 


Instructions which reference the flag register files as a 16-bit object 
use the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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80286 


High-Performance Microprocessor with 
Memory Management and Protection 


DISTINCTIVE CHARACTERISTICS 


= High-performance processor (up to 13.3 times 
iAPX 86 when using the 16-MHz 80286) 

@ Large address space 
—16 Mb physical 
—1 Gb virtual memory per task 

m Integrated memory management, four-level 
memory protection and support for virtual 
memory and operating systems 

m Two iAPX 86 upward-compatible operating 
modes 

GENERAL DESCRIPTION 


The 80286 is an advanced, high-performance micropro- 
cessor with specially optimized capabilities for multiple 
user and multitasking systems. The 80286 has built-in 
memory protection that supports operating system and 
task isolation as well as program and data privacy within 
tasks. A 16-MHz 80286 provides up to 13.3 times 
greater throughput than the standard 5-MHz 8086. The 
80286 includes memory management capabilities 


BLOCK DIAGRAM 


| Segment 
Bases 
Segment 
Limit 
Checker 


Segment 
Sizes 








cl 


Advanced 
Micro 
Devices 


—iAPX 86 real address mode 
—Protected virtual address mode 


High bandwidth bus interface (16 Mb/s) 


Range of clock rates 
— 8 MHz 80286-8 
—10 MHz 80286—10 
—12 MHz 80286-12 
—16 MHz 80286-—16 


that map up to 2 bytes (one gigabyte) of virtual address 
space per task into 2** bytes (16 Mb) of physical 
memory. 


The 80286 is upward-compatible with iAPX 86 and 88 
software. Using iAPX 86 real address mode, the 80286 
is object-code compatible with existing iAPX 86, 88 
software. 


Address _ 

Latches and Drivers 
Processor} 
Extension 
Interface | 


6-Byte 
Prefetch 
Queue 


Instruction 
Decoder 


3 Decoded 
Instruction 
Queue 


Instruction 
Unit (IU) 
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GENERAL DESCRIPTION (continued) 


In protected virtual address mode, the 80286 is source- 
code compatible with iAPX 86, 88 software and may 
require upgrading to use virtual addresses supported by 
the 80286's integrated memory management and pro- 
tection mechanism. Both modes operate at full 80286 
performance and execute a superset of the iAPX 86 and 
88 instructions. 


Related AMD Products 


Description 


Clock Driver 
Programmable Interval Timer 


DMA Controller 










Part No. 
82284 
82C54 
Am9517A 
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The 80286 provides special operations to support the 
efficient implementation and execution of operating sys- 
tems. For example, one instruction can end execution 
of one task, save its state, switch to a new task, load 
its state, and start execution of the new task. The 80286 
also supports virtual memory systems by providing 
a segment-not-present exception and restartable 
instructions. 
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CONNECTION DIAGRAMS 


Component Pad Views—As viewed from LCC PC Board Views—As viewed from the 
underside of component on the PC Board component side of the PC Board 
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CON/ 





There are no electrical connections on the aa 
bottom of this package 
PIN DESIGNATIONS 
(Sorted by pin number) 

Pin Pin Pin Pin Pin Pin 

No. Name No. Name No. Name 

1 BHE 24 A? 47 Di3 

2 NC 25 Ac 48 D 

3 NC 26 As 49 Dia 

4 Si 27 Aa 50 D7 

5 SO 28 A3 51 Dis 

6 PEACK 29 RESET 52 CAP 

7 A23 30 Vcc 53 ERROR 

8 A22 31 CLK 54 BUSY 

9 Vss 32 A2 55 NC 
10 A21 33 Ai 56 NC 
11 A20 34 Ao 57 INTR 
12 Ais 35 Vss 58 C 
13 Ais 36 Do 59 NMI 
14 Ai7 37 De 60 Vss 
15 Ais 38 Di 61 PEREQ 
16 A15 39 Do 62 Vec 
17 Ais 40 De 63 READY 
18 Ai3 41 Dio 64 HOLD 
19 Ai2 42 D3 65 HLDA 
20 Ait 43 Di 66 COD/INTA 
21 Ato 44 Da 67 M/lO 
22 Ags 45 Di2 68 LOCK 
23 As 46 Ds 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of the elements below. 


80286 


ie 


TEMPERATURE RANGE 
Blank = Commercial (Tc = 0°C to+85°C) 


Valid Combinations 


80286—-8 
80286-10 
80286-12 
80286-16 








80286 


SPEED OPTION 
-16 = 16 MHz 
—12 = 12.5 MHz 
-—10 = 10 MHz 
~ 8 = 8MHz 


DEVICE NUMBER/DESCRIPTION 
80286 


High-Performance Microprocessor with Memory 
Management and Protection 


PACKAGE TYPE 
R = 68-Pin Ceramic Leadless Chip Carrier (CA2068) 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


CLK 

System Clock (Input;.Active High) 

System Clock provides the fundamental timing for 
80286 systems. It is divided by two inside the 80286 to 
generate the processor clock. The internal divide-by- 
two circuitry can be synchronized to an external clock 
generator by Low-to-High transition on the RESET 
input. 


Do-Dis 

Data Bus (Input/Output; Active High) 

Data Bus inputs data during memory, I/O, and interrupt 
acknowledge read cycles; outputs data during memory 
and I/O write cycles. The data bus is active High and 
floats to three-state OFF during bus hold acknowledge. 


Az—Ao 

Address Bus (Output; Active High) 

Address Bus outputs physical memory and I/O port 
addresses. A, is Low when data is to be transferred 
on pins D,—D,. A,,~A,, are Low during I/O transfers. The 
address bus is active High and floats to three-state OFF 
during bus hold acknowledge. 


BHE 

Bus High Enable (Output; Active Low) 

Bus High Enable indicates transfer of data on the upper 
byte of the data bus D,.—D,. Eight-bit oriented devices 
assigned to the upper byte of the data bus would nor- 
mally use BHE to condition chip select functions. BHE is 
active Low and floats to three-state OFF during bus hold 
acknowledge. 


BHE and Ao Encodings 
B A, 
Value Vaiue Function 
0 0 Word transfer 
0 1. __— Byte transfer on upper half of data bus (D,, .) 
1 0 Byte transfer on lower half of data bus (D,_,) 
1 1 Reserved 
$1, SO 


Bus Cycle Status (Output; Active Low) 

Bus Cycle Status indicates initiation of a bus cycle and, 
along with M/IO and COD/INTA, defines the type of bus 
cycle. The bus is in a Ts state whenever one or both are 
Low. Si and SO are active Low and float to three-state 
OFF during bus hold acknowledge. 


80286 Bus Cycle Status Definition 


INTA M/IO S1 SO Bus Cycle Status Definition 


Interrupt acknowledge 
Reserved 

Reserved 

None; not a status cycle 
If A,= 1 then halt; else shutdown 
Memory data read 
Memory data write 
None; not a status cycle 
Reserved 

VO Read 

VO Write 

None; not a status cycle 
Reserved 

Memory instruction read 
Reserved 

None; not a status cycle 


-~ 

= 

a 

ae 

=——_Z 
ams 4ADOOO=3=3440000 
“—-4O0—-4~900—-~00—-=0 O 
“~O-0-0-0-0+0-0-0 


M/lO 

Memory/lO Select (Output) 

Memory/iO Select distinguishes memory access from 
I/O access. If High during Ts, a memory cycle or a halt/ 
shutdown cycle is in progress. If Low, an I/O cycle or an 
interrupt acknowledge cycle is in progress. M/IO floats 
to three-state OFF during bus hold acknowledge. 


COD/INTA 

Code/Interrupt Acknowledge (Output) 
Code/Interrupt Acknowledge distinguishes instruction 
fetch cycles from memory data read cycles. Also distin- 
guishes interrupt acknowledge cycles from I/O cycles. 
COD/INTA floats to three-state OFF during bus hold 
acknowledge. 


LOCK 
Bus Lock (Output; Active Low) 


Bus Lock indicates that other system bus masters are 
not to gain control of the system bus following the cur- 
rent bus cycle. The LOCK signal may be activated ex- 
plicitly by the LOCK instruction prefix or automatically by 
80286 hardware during memory XCHG instructions, in- 
terrupt acknowledge, or descriptor table access. LOCK 
is active Low and floats to three-state OFF during hold 
acknowledge. 
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PIN DESCRIPTION (continued) 


READY 
Bus Ready (Input; Active Low) 


Bus Ready terminates a bus cycle. Bus cycles are ex- 
tended without limit until terminated by READY Low. 
READY is an active Low synchronous input requiring 
set-up and hold times relative to the system clock be met 
for correct operation. READY is ignored during bus hold 
acknowledge. 


HOLD, HLDA 
Bus Hold Request and Hold Acknowledge 
(Input/Output; Active High) 


Bus Hold Request and Hold Acknowledge control own- 
ership of the 80286 local bus. The HOLD input allows 
another local bus master to request control of the local 
bus. When control is granted, the 80286 will float its bus 
drivers to three-state OFF and then active HLDA, thus 
entering the bus hold acknowledge condition. The local 
bus will remain granted to the requesting master until 
HOLD becomes inactive which results in the 80286 de- 
activating HLDA and regaining control of the local bus. 
This terminates the bus hold acknowledge condition. 
HOLD may be asynchronous to the systemclock. These 
signals are active High. 


INTR 
Interrupt Request (Input; Active High) 


Interrupt Request requests the 80286 to suspend its 
current program execution and service a pending exter- 
nal request. Interrupt requests are masked whenever 
the interrupt enable bit in the flag word is cleared. When 
the 80286 responds to an interrupt request, it performs 
two interrupt acknowledge bus cycles to read an 8-bit 
interrupt vector that identifies the source of the interrupt. 
To assure program interruption, INTR must remain 
active until the first interrupt acknowledge cycle is com- 
pleted. INTR is sampled at the beginning of each 
processor cycle and must be active High at least two 
processor cycles before the current instruction ends in 
order to interrupt before the next instruction. INTR is 
level sensitive, active High, and may be asynchronous 
to the system clock. 


NMI 

Non-Maskable Interrupt Request 

(Input; Active High) 

Non-maskable Interrupt Request interrupts the 80286 
with an internally supplied vector value of 2. No interrupt 
acknowledge cycles are performed. The interrupt en- 
able bit in the 80286 flag word does not affect this input. 
The NMI input is active High, may be asynchronous to 
the system clock, and is edge triggered after internal 
synchronization. For proper recognition, the input must 
have been previously Low for at least four system clock 
cycles and remain High for at least four system clock 
cycles. 


PEREQ, PEACK 


Processor Extension Operand Request and 
Acknowledge (Input/Output) 


Processor Extension Operand Request and Acknowl- 
edge extended the memory management and protec- 
tion Capabilities of the 80286 to processor extensions. 
The PEREQ input requests the 80286 to perform a data 
operand transfer for a processor extension. The PEACK 
output signals the processor extension when the re- 
quested operand is being transferred. PEREQ is active 
High and may be asynchronous to the system clock. 
PEACK is active Low. 


BUSY, ERROR 


Processor Extension Busy and Error 

(Input/Input, Active Low) 

Processor Extension Busy and Error indicate the oper- 
ating condition of a processor extension to the 80286. 
An active BUSY input stops 80286 program execution 
on WAIT and some ESC instructions until BUSY be- 
comes inactive (High). The 80286 may be interrupted 
while waiting for BUSY to become inactive. An active 
ERROR input causes the 80286 to perform a processor 
extension interrupt when executing WAIT or some ESC 
instructions. These inputs are active Low and may be 
asynchronous to the system clock. 


RESET 
System Reset (Input; Active High) 


System Reset clears the internal logic of the 80286 and 
is active High. The 80286 may be reinitialized at any 
time with a Low-to-High transition on RESET which re- 
mains active for more than 16 system clock cycles. Dur- 
ing RESET active, the output pins of the 80286 enter the 
state shown below. 











80286 Pin State During Reset 


Pin Value Pin Names 
1 (High) S0, 51, PEACK, A,,-A,, BHE, LOCK 
0 (Low) M/IO, COD/INTA, HLDA 


Three-state OFF D,.-D, 


Operation of the 80286 begins after a High-to-Low tran- 
sition on RESET. The High-to-Low transition of RESET 
must be synchronous to the system clock. Approxi- 
mately 50 system clock cycles are required by the 
80286 for internal initializations before the first bus cycle 
to fetch code from the power-on execution address is 
performed. 
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PIN DESCRIPTION (continued) 


A Low-to-High transition of RESET synchronous to the 
system clock will begin a new processor cycle at the 
next High-to-Low transition of the system clock. The 
Low-to-High transition of RESET may be asynchronous 
to the system clock; however, in this case it cannot be 
predetermined which phase of the processor clock will 
occur during the next system period. Synchronous 
Low-to-High transitions of RESET are only required for 
systems where the processor clock must be phase syn- 
chronous to another clock. 


Vss 

System Ground (Input) 

System Ground: 0 V. 

Vee 

System Power (input) 

System Power: +5 V power supply. 
CAP 


Substrate Filter Capacitor (Input; Active High) 


A 0.047 uF +20% 12 V capacitor must be connected 
between this pin and ground. This capacitor filters the 
output of the internal substrate bias generator. A maxi- 
mum DC leakage current of 1 1A is allowed through the 
Capacitor. 


For correct operation of the 80286, the substrate bias 
generator must charge this capacitor to its operating 
voltage. The capacitor charge-up time is 5 ms (Max) 
after Vcc and CLK reach their specified AC and DC pa- 
rameters. RESET may be applied to prevent spurious 
activity by the CPU during this time. After this time, the 
80286 processor clock can be phase synchronized to 
another clock by pulsing RESET Low synchronous to 
the system clock. 


FUNCTIONAL DESCRIPTION 
introduction 


The 80286 is an advanced, high-performance micropro- 
cessor with specially optimized capabilities for multiple 
user and multi-tasking systems. Depending on the ap- 
plication, the 80286’s performance is up to 13.3 times 
faster than the standard 5-MHz 8086's, while providing 
complete upward software compatibility with AMD’s 
iIAPX 86, 88, and 186 family of CPUs. 


The 80286 operates in two modes: iAPX 86 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the iAPX 86 and 88 instruction set. 


in iAPX 86 real address mode programs use real ad- 
dresses with up to one megabyte of address space. 
Programs use virtual addresses in protected virtual ad- 
dress mode, also called protected mode. In protected 
mode, the 80286 CPU automatically maps 1 gigabyte of 
virtual addresses per task into a 16-megabyte real ad- 
dress space. This mode also provides memory protec- 
tion to isolate the operating system and ensure privacy 
of each task’s programs and data. Both modes provide 
the same base instruction set, registers, and addressing 
modes. 


The following pages describe first, the base 80286 ar- 
chitecture common to both modes; second, iAPX 86 real 
address mode; and third, protected mode. 


80286 Base Architecture 


The iAPX 86, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80286 processor is upward-com- 
patible with the 8086, 8088, and 80186 CPUs. 


Register Set 


The 80286 base architecture has fifteen registers as 
shown in Figure 1. These registers are grouped into the 
following four categories: 


General Registers: Eight 16-bit general purpose regis- 
ters used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX, and DX) can be used either 
in their entirety as 16-bit words or split into pairs of 
separate 8-bit registers. 


Segment Registers: Four 16-bit special purpose regis- 
ters select, at any given time, the segments of memory 
that are immediately addressable for code, stack, and 
data. (For usage, refer to Memory Organization.) 


Base and index Registers: Four of the general pur- 
pose registers may also be used to determine offset 
addresses of operands in memory. These registers may 
contain base addresses or indexes to particular loca- 
tions within a segment. The addressing mode deter- 
mines the specific registers used for operand address 
calculations. 


Status and Control Registers: Three 16-bit special 
purpose registers record or control certain aspects of 
the 80286 processor state. These include the Instruc- 
tion Pointer, which contains the offset address of the 
next sequential instruction to be executed. 
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16-Bit Special 

Register Register 

Name Function 15 0 
‘ 7 CS Code Segment Selector 
aes Multiply/Divide DS Data Segment Selector 
(8-Bit Register I/O Instructions SS 


Stack Segment Selector 
Names 





Shown) Loop/Shift Repeat Count ES Extra Segment Selector 
Base Registers Segment Registers 
15 0 
Index Registers E Flags 
Stack Pointer IP Instruction Pointer 
MSW Machine Status Word 


General Registers 
Status and Control Registers 


Figure 1. Register Set pepe! 


Status Flags: 
Carry 

Parity 
Auxiliary Carry 
Zero 

Sign 

Overflow 


15 


5 





Flags: 





4 y 2 Y 
Control Flags: 

Trap Flag 

Interrupt Enable 

Direction Flag 

Special Fields: 

/O Privilege Level 


Nested Task Flag 


3 2 1 0 


Task Switch 
i Reserved Processor Extension Emulated 
Monitor Processor Extension 

Protection Enable 
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Figure 2. Status and Control Register Bit Functions 


80286 1-73 


cl AMD 


Flags Word Description 


The Flags Word (Flags) records specific characteristics 
of the result of logical and arithmetic instructions (bits 0, 
2, 4, 6, 7, and 11) and controls the operation of the 
80286 within a given operating mode (bits 8 and 9). 
Flags is a 16-bit register. The function of the flag bits is 
given in Table 1. 


Table 1. Flags Word Bit Functions 


Bit 
Position Name Function 


0 CF Carry Flag—Set on high-order bit carry or 


borrow; cleared otherwise 


Parity Flag—Set if low-order 8 bits of re- 
sult contain an even number of 1 bits; 
cleared otherwise 


Set on carry-from or borrow-to the low-or- 
der four bits of AL; cleared otherwise 


Zero Flag—Set if result is zero; cleared 
otherwise 


Sign Flag—Set equal to high-order bit of 
result (0 if positive, 1 if negative) 


Overflow Flag—Set if result is a too-large 
positive number or a too-small negative 
number (excluding sign-bit) to fit in desti- 
nation operand; cleared otherwise 


Single Step Flag—Once set, a single 
step interrupt occurs after the next in- 
struction executes. TF is cleared by the 
single step interrupt 


Interrupt-Enable Flag—When set, mask- 
able interrupts will cause the CPU to 
transfer control to an interrupt vector 
specified location 


Direction Flag—Causes string instruc- 
tions to auto-decrement the appropriate 
index registers when set. Clearing DF 
causes auto increment. 


2 PF 


4 AF 
6 ZF 
7 SF 


11 OF 


10 DF 


Instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, program transfer, high-level instructions, and proc- 
essor control. These categories are summarized in 
Figures 3-9. 


An 80286 instruction can reference zero, one, or two 
operands where an operand resides in a register, inthe 


instruction itself, or in memory. Zero-operand instruc- 
tions (e.g., NOP and HLT) are usually one byte long. 
One-operand instructions (e.g., INC and DEC) are usu- 
ally two bytes long, but some are encoded in only one 
byte. One-operand instructions may reference a regis- 
ter or memory location. Two-operand instructions per- 
mit the following six types of instruction operations. 


Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory 


Two-operand instructions (e.g., MOV and ADD) are 
usually three to six bytes long. Memory to memory op- 
erations are provided by a special class of string instruc- 
tions requiring one to three bytes. For detailed instruc- 
tion formats and encodings, refer to the instruction set 
summary at the end of this document. 


General Purpose 


MOV Move byte or word 

PUSH Push word onto stack 

POP Pop word off stack 

PUSHA Push all registers on stack 

POPA Pop ail registers from stack 

XCHG Exchange byte or word 

XLAT Translate byte 
Input/Output 

IN Input byte or word 

OUT Output byte or word 

Address Object 

LEA Load effective address 

LDS Load pointer using DS 

LES Load pointer using ES 
Flag Transfer 

LAHF Load AH register from flags 

SAHF Store AH register in flags 

PUSHF Push flags onto stack 

POPF Pop flags off stack 


Figure 3. Data Transfer Instructions 
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MOVS 


Move byte or word string 
INS Input bytes or word string 


OUTS Output bytes or word string 
CMPS Compare byte or word string 
SCAS Scan byte or word string 
LODS Load byte or word string 
STOS Store byte or word string 
REP Repeat 

REPE/REPZ Repeat while equal/zero 


REPNE/REPNZ Repeat while not equal/not zero 
Figure 5. String Instructions 


Logicals 
NOT “Not” byte or word 
AND “And” byte or word 
OR “Inclusive or” byte or word 
XOR “Exclusive or” byte or word 
TEST “Test” byte or word 
Shifts 
SHL/SAL Shift logical/arithmetic left byte or word 
SHR Shift logical right byte or word 
SAR Shift arithmetic right byte or word 
Rotates 
ROL Rotate left byte or word 
ROR Rotate right byte or word 
RCL Rotate through carry left byte or word 
RCR Rotate through carry right byte or word 
Figure 6. Shift/Rotate/Logical 
Unconditional Transfers 

CALL Call procedure 

RET Return from procedure 

JMP Jump 


Iteration Controls 


Addition 
ADD Add byte or word 
ADC Add byte or word with carry 
INC Increment byte or word by 1 
AAA ASCIl adjust for addition 
DAA Decimal adjust for addition 
Subtraction 
SUB Subtract byte or word 
SBB Subtract byte or word with borrow 
DEC Decrement byte or word by 1 
NEG Negate byte or word 
CMP Compare byte or word 
AAS ASCII adjust for subtraction 
DAS Decimal adjust for subtraction 
Multiplication 
MUL Multiply byte or word unsigned 
IMUL Integer multiply byte or word 
AAM ASCII adjust for multiply 
Division 
DIV Divide byte or word unsigned 
IDIV Integer divide byte or word 
AAD ASCIl adjust for division 
CBW Convert byte to word 
CWD Convert word to double word 
Figure 4. Arithmetic Instructions 
Conditional Transfers 
JA/JINBE Jump if above/not below nor equal 
JAE/JNB Jump if above or equal/not below 
JB/JNAE Jump if below/not above nor equal 
JBE/JNA Jump if below or equal/not above 
JC Jump if carry 
JE/JZ Jump if equal/zero 
JG/JNLE Jump if greater/not less nor equal 
JGE/JNL Jump if greater or equal/not less 
JL/INGE Jump if less/not greater nor equal 
JLEJING Jump if less or equal/not greater 
JNC Jump if not carry 
JNE/JNZ Jump if not equal/not zero 
JNO Jump if not overflow 
JNP/AJPO Jump if not parity/parity odd 
JNS Jump if not sign 
JO Jump if overflow 
JP/JPE Jump if parity/parity even 
JS Jump if sign 


LOOP 
LOOPE/LOOPZ 


LOOPNE/LOOPNZ 
JCXZ 





INT 
INTO 
IRET 


Loop 

Loop if equal/zero 

Loop if not equal/not zero 
Jump if register CX =0 


interrupts 


Interrupt 
Interrupt if overflow 
Interrupt return 


Figure 7. Program Transfer Instructions 
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Flag Operations 
STC Set carry flag 
CLC Clear carry flag 
CMC Complement carry flag 
STD Set direction flag 
CLD Clear direction flag 
STI Set interrupt enable flag 
CLI Clear interrupt enable flag 


External Synchronization 


HLT Halt until interrupt or reset 

WAIT Wait for BUSY not active 

ESC Escape to extension processor 

LOCK Lock bus during next instruction 
No Operation 

NOP No operation 


Execution Environment Control 


Load machine status word 
Store machine status word 


LMSW 
SMSW 


Figure 8. Processor Control instructions 


ENTER Format stack for procedure entry 
LEAVE Restore stack for procedure exit 
BOUND Detects values outside prescribed range 


Figure 9. High-Level Instructions 


Memory Organization 


Memory is organized as sets of variable length seg- 
ments. Each segment is a linear contiguous sequence 
of up to 64K(2"*) 8-bit bytes. Memory is addressed using 
a two-component address (a pointer) that consists of a 
16-bit segment selector and a 16-bit offset. The seg- 
ment selector indicates the desired segment in memory. 
The offset component indicates the desired byte ad- 
dress within the segment. 


Most instructions need not explicitly specify which seg- 
ment register is used. The correct segment register is 
automatically chosen according to the rules of Table 2. 
These rules follow the way programs are written (see 
Figure 11) as independent modules that require areas 
for code and data, a stack, and access to external data 
areas. 


All instructions that address operands in memory must 
specify the segment and the offset. For speed and com- 
pact instruction encoding, segment selectors are usu- 
ally stored in the high speed segment registers. An in- 
struction need specify only the desired segment register 
and an offset to address a memory operand. 





“~ Memory “ 
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Figure 10. Two-Component Address 


Table 2. Segment Register Selection Rules 


Memory Segment 
Reference Register 
Needed Used 


Implicit Segment 
Selection Rule 





instructions Code(CS) Automatic with instruction 
prefetch 

Stack Stack (SS) All stack pushes and pops. 
Any memory reference which 
uses BP as a base register. 

Local Data Data(DS) All data references except 
when relative to stack or 
string destination. 

External Extra(ES) Alternate data segment and 

(Global) Data destination of string operation. 


Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overrid- 
den for special cases. The stack, data, and extra seg- 
ments may coincide for simple programs. To access 
operands that.do not reside in one of the four immedi- 
ately available segments, either a full 32-bit pointer can 
be used or a new segment selector must be loaded. 
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Figure 11. Segmented Memory Helps 
Structure Software 


Addressing Modes 


The 80286 provides a total of eight addressing modes 
for instructions to specify operands. Two addressing 
modes are provided for instructions that operate on reg- 
ister or immediate operands: 


Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 


immediate Operand Mode: The operand is included in 
the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: segment 
selector and offset. The segment selector is supplied by 
a segment register either implicitly chosen by the ad- 
dressing mode or explicitly chosen by a segment over- 
ride prefix. The offset is calculated by summing any 
combination of the following three address elements: 


the displacement (an 8- or 16-bit immediate value con- 
tained in the instruction) 


the base (contents of either the BX or BP base regis- 
ters) 


the index (contents of eitherthe SI or Dl index registers) 


Any carry out from the 16-bit addition is ignored. Eight- 
bit displacements are sign extended to 16-bit values. 
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Combinations of these three address elements define 
the six memory addressing modes here described: 


Direct Mode: The operand’s offset is contained in the 
instruction as an 8- or 16-bit displacement element. 


Register Indirect Mode: The operand’s offset is in one 
of the registers SI, DI, BX, or BP. 


Based Mode: The operand’s offset is the sum of an8-or 
16-bit displacement and the contents of a base register 
(BX or BP). 


Indexed Mode: The operand’s offset is the sum of an 8- 
or 16-bit displacement and the contents of an index 
register (SI or Dl). 


Based Indexed Mode: The operand’s offset is the sum 
of the contents of a base register and an index register. 


Based Indexed Mode with Displacement: The 
operand’s offset is the sum of abase register’s contents, 
an index register’s contents, and an 8- or 16-bit dis- 
placement. 


Data Types 
The 80286 directly supports the following data types: 


Integer: A signed binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 
All operations assume a two’s comple- 
ment representation. Signed 32- and 
64-bit integers are supported using the 


80287 Numeric Data Processor. 


Ordinal: An unsigned binary numeric value con- 


tained in an 8-bit byte or 16-bit word. 


A 32-bit quantity, composed of a seg- 
ment selector component and an offset 
component. Each component is a 
16-bit word. 


A contiguous sequence of bytes or 
words. A string may contain from 1 byte 
to 64K bytes. 


A byte representation of alphanumeric 
and control characters using the ASCII 
standard of character representation. 


Pointer: 


String: 


ASCIl: 


BCD: A byte (unpacked) representation of 
the decimal digits 0-9. 


A byte (packed) representation of two 
decimal digits 0-9 storing one digit in 
each nibble of the byte. 


Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. (Floating point oper- 
ands are supported using the iAPX 287 
Numeric Processor configuration.) 


Packed BCD: 


Figure 12 graphically represents the data types sup- 
ported by the 80286. 
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Figure 12. 80286 Supported Data Types 
“Supported by iAPX 286/287 Numeric Data Processor Configuration 03552-11 
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I/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
I/O instructions address the I/O space with either an 
8-bit port address, specified in the instruction, or a 16-bit 
port address in the DX register. Eight-bit port addresses 
are zero extended such that A1s—As are Low. I/O port 
addresses 00F8(H) through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine 
state (Flags) are saved on the stack to allow resumption 
of the interrupted program. Interrupts fall into three 
classes: hardware initiated, INT instructions, and in- 
struction exceptions. Hardware initiated interrupts occur 
in response to an external input and are classified as 
non-maskable or maskable. Programs may cause an 
interrupt with an INT instruction. Instruction exceptions 
occur when an unusual condition, which prevents fur- 
ther instruction processing, is detected while attempting 
to execute an instruction. The return address from an 
exception will always point at the instruction causing the 
exception and include any leading instruction prefixes. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 
0-31, some of which are used for instruction exceptions, 
are reserved. For each interrupt, an 8-bit vector must be 
supplied to the 80286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter- 
nally. INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware- 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined inter- 
nally supplied vector. 


Maskable Interrupt (INTR) 


The 80286 provides a maskable hardware interrupt 
request pin, INTR. Software enables this input by setting 
the interrupt flag bit (IF) in the flag word. All 224 
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user-defined interrupt sources can share this input, yet 
they can retain separate interrupt handlers. An 8-bit 
vector read by the CPU during the interrupt acknowl- 
edge sequence (discussed in the System Interface 
section) identifies the source of the interrupt. 


Further maskable interrupts are disabled while servicing 
an interrupt by resetting the IF but as part of the re- 
sponse to an interrupt or exception. The saved flag word 
will reflect the enable status of the processor prior to the 
interrupt. Until the flag word is restored to the flag regis- 
ter, the interrupt flag will be zero unless specifically set. 
The interrupt return instruction includes restoring the 
flag word, thereby restoring the original status of IF. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The activa- 
tion of this input Causes an interrupt with an internally 
supplied vector value of 2. No external interrupt ac- 
knowledge sequence is performed. 


While executing the NMI servicing procedure, the 80286 
will not service further NMI requests, INTR requests, or 
the processor extension segment overrun interrupt until 
an interrupt return (IRET) instruction is executed or the 
CPU is reset. If NMI occurs while Currently servicing an 
NMI, its presence will be saved for servicing after exe- 
cuting the first IRET instruction. IF is cleared at the 
beginning of an NMI interrupt to inhibit INTR interrupts. 


Single Step Interrupt 


The 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at atime. It is called the 
single step interrupt and is controlled by the single step 
flag bit (TF) in the flag word. Once this bit is set, an 
internal single step interrupt will occur after the next 
instruction has been executed. The interrupt clears the 
TF bit and uses an internally supplied vector of 1. The 
IRET instruction is used to set the TF bit and transfer 
control to the next instruction to be single stepped. 


Table 3. Interrupt Vector Assignments 


Return Address 


interrupt Related Before Instruction 
Function Number Instructions Causing Exception? 
Divide error exception 0 DIV, IDIV Yes 
Single step interrupt 1 All 
NMI interrupt 2 All 
Breakpoint interrupt 3 INT 
INTO detected overflow exception 4 INTO No 
BOUND range exceeded exception 5 BOUND Yes 
Invalid opcode exception 6 Any undefined op-code Yes 
Processor extension not available exception 7 ESC or WAIT Yes 
Reserved 8-15 
Processor extension error input 16 ESC or WAIT 
Reserved 17-31 
User-defined 32-255 
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interrupt Priorities 


When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 4. interrupt 
processing involves saving the flags, return address, 
and setting CS:IP to point at the first instruction of the 
interrupt handler. If other interrupts remain enabled, 
they are processed before the first instruction of the 
current interrupt handler is executed. The last interrupt 
processed is therefore the first one serviced. 


Table 4. Interrupt Processing Order 


Order Interrupt 
1 INT instruction or exception 
2 Single step 
3 NMI 
4 Processor extension segment overrun 
5 INTR 


Initialization and Processor Reset 


Processor initialization or start up is accomplished by 
driving the RESET input pin High. RESET forces the 
80286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RE- 
SET is active. After RESET becomes inactive and an 
internal processing interval elapses, the 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also sets some 
registers to predefined values as shown in Table 5. 


Table 5. 80286 initial Register State after RESET 


Flag word 0002(H) 


Machine Status Word FFFO(H) 
Instruction pointer FFFO(H) 
Code segment FOO0(H) 
Data segment 0000(H) 


Extra segment 0000(H) 
Stack segment 0000(H) 


Machine Status Word Description 


The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of 
the 80286. It is a 16-bit register of which the lower four 
bits are used. One bit places the CPU into protected 
mode, while the other three bits, as shown in Table 6, 
control the processor extension interface. After RESET, 
this register contains FFFO(H) which places the 80286 
in iAPX 86 real address mode. 


The LMSW and SMSW instructions can load and store 
the MSW in real address mode. The recommended use 
of TS, EM, and MP is shown in Table 7. 


Table 6. MSW Bit Functions 


Bit 
Position Function 
Protected mode Enable places the 
80286 into protected mode and 
cannot be cleared except by RESET. 


Monitor Processor extension allows 
WAIT instructions to cause a 
processor extension not present 
exception (number 7). 


Emulate processor extension causes 
a processor extension not present 
exception (number 7) on ESC 
instructions to allow emulating a 
processor extension. 


Task Switched indicates the next 
instruction using a processor 
extension will cause exception 7, 
allowing software to test whether the 
current processor extension context 
belongs to the current task. 


0 PE 
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Table 7. Recommended MSW Encodings For Processor Extension Control 


TS | Recommended Use 


0 iAPX 86 real address mode only. Initial encoding after RESET. 80286 operation is 


identical to iAPX 86, 88. 





0 ce +t sen No processor extension is available. Software will emulate its function. 


1 No processor extension is available. Software will emulate its function. The current 
processor extension context may belong to another task. 


A processor extension exists. 





Halt 


The HLT instruction stops program execution and pre- 
vents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF=1, or RESET will force the 
80286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 


iAPX 286 Real Address Mode 


The 80286 executes a fully upward-compatible super- 
set of the 8086 instruction set in real address mode. In 
real address mode the 80286 is object code compatible 
with 8086 and 8088 software. The real address mode 
architecture (registers and addressing modes) is ex- 
actly as described in the 80286 Base Architecture 
section. 


Memory Size 


Physical memory is a contiguous array of up to 
1,048,576 bytes (one megabyte) addressed by pins Ao 
through A19 and BHE. Azo through Aes are ignored. 


Memory Addressing 


In real address mode the processor generates 20-bit 
physical addresses directly from a 20-bit segment base 
address and a 16-bit offset. 


The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 13 for a graphic representation of 
address formation. 


All segments in real address mode are 64 kbytes in size 
and may be read, written, or executed. An exception or 
interrupt can occur if data operands or instructions at- 
tempt to wrap around the end of a segment (e.g., a word 
with its low order byte at offset FFFF(H) and its high 
order byte at offset 0000(H)). If, in real address mode, 
the information contained in asegment does not use the 
full 64 kbytes, the unused end of the segment may be 
overlaid by another segmentto reduce physical memory 
requirements. 


241A processor extension exists. The current processor extension context may ‘belong to 
another task. The exception on WAIT allows software to test for an error 
pending from a previous processor extension operation. 


Instructions 
Causing 
Exception 


None 


ESC 
ESC 


None 
ESC or WAIT 


Reserved Memory Locations 


The 80286 reserves two fixed areas of memory in real 
address mode (see Figure 1): system initialization area 
and interrupt table area. Locations from addresses 
FFFFO(H) through FFFFF(H) are reserved for system 
initialization. Initial execution begins at location FFFFO 
(H). Locations O00000(H) through OO3FF(H) are re- 
served for interrupt vectors. 


15 0 
Offset 





Segment 
Address 
19 0 
20-Bit Physical 
Memory Address 
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Figure 13. iAPX 86 Real Address Mode 
Address Calculation 
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Figure 14. iAPX 86 Real Address Mode Initially 
Reserved Memory Locations 


Table 8. Real Address Mode Addressing Interrupts 


interrupt 

Function Number 
Interrupt table limit too small exception 8 
Processor extension segment overrun interrupt 9 
Segment overrun exception 13 


Interrupts 


Table 8 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing be- 
fore attempting to execute the failing instruction (except 
for PUSH, POP, PUSHA, or POPA). Refer to the next 
section on protected mode initialization for a discussion 
on exception 8. 


Protected Mode Initialization 


To prepare the 80286 for protected mode, the LIDT 
instruction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the 
interrupt vector table in real address mode. After reset, 
the interrupt table base is initialized to 000000(H) and its 
size set to O3FF(H). These values are compatible with 
iAPX 86, 88 software. LIDT should only be executed in 
preparation for the protected mode. 


Shutdown 


Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signaled via a halt bus 


Related Return Address 
Instructions Before Instruction? 
INT vector is not within table limit Yes 
ESC with memory operand extending No 
beyond offset FFFF(H) 
Word memory reference with Yes 


offset = FFFF(H) or an attempt to 
execute past the end of a segment 


operation. They can be distinguished by A: High for halt 
and A: Low for shutdown. In real address mode, shut- 
down can occur under two conditions: 


e Exceptions 8 or 13 happen and the IDT limit does 
not include the interrupt vector. 


e ACALL, INT, or POP instruction attempts to wrap 
around the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least OOOF(H) and SP is greater than 
0005(H); otherwise, shutdown can only be exited via the 
RESET input. 


Protected Virtual Address Mode 


The 80286 executes a fully upward-compatible super- 
set of the 8086 instruction set in protected virtual ad- 
dress mode (protected mode). Protected mode also 
provides memory management and protection mecha- 
nisms and associated instructions. 


The 80286 enters protected virtual address mode from 
real address mode by setting the PE (Protection Enable) 
bit of the machine status word with the Load Machine 
Status Word (LMSW) instruction. Protected mode offers 
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extended physical and virtual memory address space, 
memory protection mechanisms, and new operations to 


support operating systems and virtual memory. 


All registers, instructions, and addressing modes de- 
scribed in the 80286 Base Architecture section remain 
the same. Programs for the iAPX 86, 88, 186, and real 
address mode 80286 can be run in protected mode; 
however, embedded constants for segment selectors 


are different. 
Memory Size 


The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16-megabyte 
physical address space defined by the address pin 
Azx—Ao and BHE. The virtual address space may be 
larger than the physical address space since any use of 
an address that does not map to a physical memory 


location will cause a restartable exception. 
Memory Addressing 


As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset compo- 
nents. The selector, however, specifies an index into a 
memory resident table rather than the upper 16 bits of a 


real memory address. 


The 24-bit base address of the desired segment is ob- 
tained from the tables in memory. The 16-bit offset is 
added to the segment base address to form the physical 
address as shown in Figure 15. The tables are automati- 
cally referenced by the CPU whenever a segment regis- 
ter is loaded with a selector. All80286 instructions which 
load a segment register will reference the memory- 
based tables without additional software. The memory- 


based tables contain 8-byte values called descriptors. 


CPU 
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Figure 15. Protected Mode Memory Addressing 
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Descriptors 


Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of con- 
trol and task switching. The 80286 has segment de- 
scriptors for code, stack and data segments, and sys- 
tem control descriptors for special system data seg- 
ments and control transfer operations. Descriptor ac- 
cesses are performed as locked bus operations to as- 
sure descriptor integrity in multi-processor systems. 


Code and Data Segment Descriptors 
(S = 1) 


Besides segment base addresses, code and data de- 
scriptors contain other segment attributes, including 
segment size (1 to 64 kbytes), access rights (read-only, 
read/write, execute-only, and execute/read), and pres- 
ence in memory (for virtual memory systems) (see Fig- 
ure 16). Any segment usage violating a segment attrib- 
ute indicate by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 


7 0 7 0 


+7 Reserved* 





Access 
Rights Byte 
+3] Bases. 
. 
15 ) 8 7 0 
03552-15 


“Must be set to 0 for compatibility with iAPX 386. 


Code and data are stored in two types of segments: 
code segments and data segments. Both types are 
identified and defined by segment descriptors. Code 
segments are identified by the executable (E) bit set to 1 
in the descriptor access rights byte. The access rights 
byte of both code and data segment descriptor types 
have three fields in common: present (P) bit, Descriptor 
Privilege Level (DPL), and accessed (A) bit. If P=0, any 
attempted use of this segment will cause a not-present 
exception. DPL specifies the privilege level of the seg- 
ment descriptor. DPL controls when the descriptor may 
be used by a task (refer to privilege discussion). The A 
bit shows whether the segment has been previously 
accessed for usage profiling, a necessity for virtual 
memory systems. The CPU will always set this bit when 
accessing the descriptor. 


Data segments (S = 1, E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W = 0) data segments may not be 
written into. Data segments may grow in two directions, 
as determined by the Expansion Direction (ED) bit: up- 
wards (ED = 0) for data segments, and downwards (ED 
= 1) fora segment containing a stack. The limit field fora 
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data segment descriptor is interpreted differently de- 
pending on the ED bit (see Figure 16). 


A code segment (S = 1, E = 1) may be execute-only or 
execute/read as determined by the Readable (R) bit. 
Code segments may never be written into and execute- 
only code segments (R = 0) may not be read. A code 
segment may also have an attribute called Conforming 
(C). A conforming code segment may be shared by 
programs that execute at different privilege levels. The 
DPL of aconforming code segment defines the range of 
privilege levels at which the segment may be executed 
(refer to privilege discussion). 


System Segment Descriptors 
(S = 0, Type 1-3) 


In addition to code and data segment descriptors, the 
protected mode 80286 defines system segment de- 
scriptors. These descriptors define special system data 


Access Rights Byte Definition 


segments which contain a table of descriptors (Local 
Descriptor Table Descriptor) or segments which contain 
the execution state of a task (Task State Segment 
Descriptor). 


Figure 17 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The 
access byte defines the type of descriptor, its state and 
privilege level. The descriptor contents are valid and the 
segment is in physical memory if P=1. If P=0, the seg- 
ment is not valid. The DPL field is only used in Task 
State Segment descriptors and indicates the privilege 
level at which the descriptor may be used (see Privi- 
lege). Since the Local Descriptor Table descriptor may 
only be used by a special privileged instruction, the DPL 
field is not used. Bit 4 of the access byte is 0 to indicate 
that it is a system control descriptor. The Type field 
specifies the descriptor type as indicated in Figure 17. 





Bit 
Position Name Function 
7 Present (P) P=1 Segment is mapped into physical memory. 
P=0Q No mapping to physical memory exists; base and limit are 
not used. Segment privilege attribute used in privilege tests. 
6-5 Descriptor Privilege 
Level (DPL) 
4 Segment Descriptor (S) S=1 Code or Data segment descriptor 
S=0 Non-segment descriptor 
3 Executable (E) E=0 Data segment descriptor type is: 
2 Expansion Direction ED=0 Grow up segment, offsets must be <limit. 
(ED) ED=1 Grow down segment, offsets must be > limit. Data 
1 Writable (W) W=0 Data segment may not be written into. Segment 
W=1 Data segment may be written into. 
ie 3 Executable (E) E=1 Code Segment Descriptor type is: 
Definition 2 Conforming (C) C=1 Code segment may only be executed when 
CPL=>DPL. Code 
1 Readable (R) R=0 Code segment may not be read. Segment 
R=1 Code segment may be read. 
0 Accessed (A) A=0 Segment has not been accessed. 
A=1 Segment selector has been loaded into segment register 


or used by selector test instructions. 


Figure 16. Code and Data Segment Descriptors 
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System Segment Descriptor 


0 0 
je}oe fo] ype | Baie 
15 8 7 0 


*Must be set to 0 for compatibility with iAPX 386. 





+7 +6 






+5 +4 


+3 +2 


+1 
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System Segment Descriptor Fields 


Name Value Description 
Type 0 Invalid Descriptor 
1 Available Task State Segment 
2 Local Descriptor Table Descriptor 
3 Busy Task State Segment 
4-7 Control Descriptor 
8 Invalid Descriptor 
9—F Reserved 
P 0 Descriptor contents are not valid 
1 Descriptor contents are valid 
DPL 0-3 Descriptor Privilege Level 
Base 24-bit Base Address of special system data 
number segment in real memory 
Limit 16-bit Offset of last byte in segment 


number 
Figure 17. System Segment Format 


Gate Descriptors 
(S = 0, Type = 4-7) 


Gates are used to control access to entry points within 
the target code segment. The gate descriptors are call 
gates, task gates, interrupt gates and trap gates. Gates 
provide a level of indirection between the source and 
destination of the control transfer. This indirection al- 
lows the CPU to automatically perform protection 
checks and control the entry point of the destination. 
Call gates are used to change privilege levels (see Privi- 
lege); task gates are used to perform a task switch; and 
interrupt and trap gates are used to specify interrupt 
service routines. The interrupt gate disables interrupts 
(resets IF) while the trap gates does not. 


Figure 18 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 


gate, and call gate must refer to a code segment de- 
scriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task 
state segment. Since task gates invoke a task switch, 
the destination offset is not used in the task gate. 


Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct de- 
scriptor type. The Word Count field is used in the call 
gate descriptor to indicate the number of parameters 
(0-31 words) to be automatically copied from the caill- 
er’s stack to the stack of the called routine when a con- 
trol transfer changes privilege levels. The Word Count 
field is not used by any other gate descriptor. 


Gate Descriptor 


7 0 7 0 
Pn ba 
ewer fs 
16 8 7 


0  03552-17 


+7 +6 






+5 +4 





+3 +2 


+1 0 


*Must be set to 0 for compatibility with iAPX 386. 


Gate Descriptor Fields 


Name Value Description 
Type 4 Call Gate 
5 Task Gate 
6 Interrupt Gate 
7 Trap Gate 
P 0 Descriptor Contents are not valid 
1 Descriptor Contents are valid 
DPL 0-3 Descriptor Privilege Level 
Word 0-31 Number of words to copy from 
Count callers stack to called procedures 


stack. Only used with call gate. 


Destination 16-bit 
segment 
Selector 


Selector to the target code 


selector (Call, Interrupt or Trap Gate) 
Selector to the target task state 
segment (Task Gate) 


Destination 16-bit 
Offset offset 


Entry point within the target 
code segment 


Figure 18. Gate Descriptor Format 
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The access byte format is the same for all gate descrip- 
tors. P = 1 indicates that the gate contents are valid. P = 
0 indicates the contents are not valid and causes excep- 
tion 11 if referenced. DPL is the Descriptor Privilege 
Level and specifies when this descriptor may be used by 
a task (refer to privilege discussion). Bit 4 must equal 0 
to indicate a system control descriptor. The Type field 
specifies the descriptor type as indicated in Figure 18. 


Segment Descriptor Cache Registers 


Asegment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Seg- 
ment descriptors are automatically loaded (cached) into 
a segment descriptor cache register (Figure 20) when- 
ever the associated segment register is loaded with a 
selector. Only segment descriptors may be loaded into 
segment descriptor cache registers. Once loaded, all 
references to that segment of memory use the cached 
descriptor information instead of reaccessing memory. 
The descriptor cache registers are not visible to pro- 
grams. No instructions exist to store their contents. They 
only change when a segment register is loaded. 


Selector Fields 


A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (TI), 


PROGRAM VISIBLE [° 


| Access 
Segment Selectors | Rights 
cS | 
DS | 
SS | 
ES | 
15 0 | 47 40 39 
Segment Registers _| 
(Loaded by Program) 7 


PROGRAM INVISIBLE 
Segment Base Address 


Segment Descriptor Cache Registers 
(Loaded by CPU) 


and selector privilege (RPL), as shown in Figure 19. 
These fields select one of two memory-based tables of 
descriptors, select the appropriate table entry, and allow 
high-speed testing of the selector’s privilege attribute 
(refer to privilege discussion). 


Selector 
PE. FS | i. 
15 8 7 21 0 
Bits Name Function 


1-0 Requested 
Privilege Level (RPL) 


Indicates Selector Privilege 
Level Desired 


2 Table TI=0 Use Global 
Indicator (TI) Descriptor Table 
(GDT) 
Tl = 1 Use Local Descriptor 
Table (LDT) 
15-3 Index Select Descriptor Entry in 
Table 


Figure 19. Selector Fields 


Segment Size 


16 15 0 


| Ege pane a eed en ee eer peer ee eee | 
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Figure 20. Descriptor Cache Registers 
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Local and Giobal Descriptor Tabies 


Two tables of descriptors, called descriptor tables, con- 
tain all descriptors accessible by a task at any given 
time. A descriptor table is a linear array of up to 8192 
descriptors. The upper 13 bits of the selector value are 
an index into a descriptor table. Each table has a 24-bit 
base register to locate the descriptor table in physical 
memory and a 16-bit limit register that confines descrip- 
tor access to the defined limits of the table as shown in 
Figure 21. A restartable exception (13) will occur if an 
attempt is made to reference a descriptor outside the 
table limits. 


One table, called the Global Descriptor Table (GDT), 
contains descriptors available to all tasks. The other 
table, called the Local Descriptor Table (LDT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain all 
descriptor types except interrupt and trap descriptors. 
The LDT may contain only segment, task gate, and call 
gate descriptors. A segment cannot be accessed by a 
task if its segment descriptor does not exist in either 
descriptor table at the time of access. 


The LGDT and LLDT instructions load the base and 
limit of the global and local descriptor tables. LGDT and 


| LOT | 
| Selector | 


LDT Limit 
| LDTBase | 
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LLDT are protected. They may only be executed by 
trusted programs operating at level 0. The LGDT in- 
struction loads a six-byte field containing the 16-bit table 
limit and 24-bit base address of the Global Descriptor 
Table as shown in Figure 22. The LLDT instruction loads 
a selector which refers to a descriptor in the Local De- 
scriptor Table. This descriptor contains the base ad- 
dress and limit for an LDT, as shown in Figure 21. 


Interrupt Descriptor Table 


The protected mode 80286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
23), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-bit base and 16-bit 
limit register inthe CPU. The protected LIDT instruction 
loads these registers with a six-byte value of identical 
form to that of the LGDT instruction (see Figure 22 and 
Protected Mode Initialization). 


References to IDT entries are made via INT instructions, 
external interrupt vectors, or exceptions. The IDT must 
be at least 256 bytes in size to allocate space for all 
reserved interrupts. 


GDT 


Current 
LDT 
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Figure 21. Local and Global Descriptor Table Definitions 
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Reserved* Base. 
Base,., 
Limit,., 


*Must be set to 0 for compatibility with iAPX 386. 










+5 +4 


+3 +2 


+1 
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Figure 22. Global Descriptor Table and Interrupt 
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Interrupt 
Descriptor 
Table 
(IDT) 
io for 
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Figure 23. Interrupt Descriptor Table Definition 


Privilege 


The 80286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and 
access to descriptors (and their associated segments) 
within a task. Four-level privilege, as shown in Figure 
24, is an extension of the user/supervisor mode com- 
monly found in minicomputers. The privilege levels are 
numbered 0 through 3. Level 0 is the most privileged 
level. Privilege levels provide protection within a task. 
(Tasks are isolated by providing private LDT’s for each 
task.) Operating system routines, interrupt handlers, 
and other system software can be included and pro- 
tected within the virtual address space of each task 
using the four levels of privilege. Tasks may also have a 
separate stack for each privilege level. 


Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptors. Descriptor and selector privilege only effect 
access to the descriptor. 


Task Privilege 


The task always executes at one of the four privilege 
levels. A task privilege level at any specific instant is 
called the Current Privilege Level (CPL) and is defined 
by the lower two bits of the CS register. CPL cannot 


change during execution in a single code segment. A 
task’s CPL may only be changed by control transfers 
through gate descriptors to a new code segment (See 
Control Transfer). Tasks begin executing at the CPL 
value specified by the code segment when the task is 
initiated via a task switch operation. A task executing at 
Level 0 can access all data segments defined in the 
GDT and the task’s LDT and is considered the most 
trusted level. A task executed at Level 3 has the most 
restricted access to data and is considered the least 
trusted level. 


Descriptor Privilege 


Descriptor privilege is specified by the Descriptor Privi- 
lege Level (DPL) field of the descriptor access byte. DPL 
specifies the least trusted privilege level (CPL) at which 
a task may access the descriptor. Descriptors with 
DPL =0 are the most protected. Only tasks executing at 
privilege level 0 (CPL=0) may access them. Descrip- 
tors with DPL =3 are the least protected (i.e., have the 
least restricted access) since tasks can access them 
when CPL =0, 1, 2, or 3. This rule applies to all descrip- 
tors, except LDT descriptors. 


Selector Privilege 


Selector privilege is specified by the Requested Privi- 
lege Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted 
privilege level than the current privilege level for the use 
of a selector. This level is called the task’s effective 
privilege level (EPL). RPL can only reduce the scope of 
a task’s access to data with this selector. A task’s effec- 
tive privilege is the numeric maximum of RPL and CPL. 
Aselector with RPL = 0 imposes no additional restriction 
on its use while a selector with RPL =3 can only refer to 
segments at privilege Level 3 regardless of the task’s 
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Figure 24. Hierarchical Privilege Levels 
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CPL. RPL is generally used to verify that pointer pa- 
rameters passed to a more trusted procedure are not 
allowed to use data at a more privileged level than the 
caller (refer to pointer testing instructions). 


Descriptor Access and Privilege 
Validation 


Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment ac- 
cesses are control transfer (selectors loaded into CS) 
and data (selectors loaded into DS, ES, or SS). 


Data Segment Access 


Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code 
segment descriptor. The CPL of the task and the RPL of 
the selector must be the same as or more privileged 
(numerically equal to or lower than) than the descriptor 
DPL. In general, a task can only access data segments 
at the same or less privileged levels than the CPL or 
RPL (whichever is numerically higher) to prevent a pro- 
gram from accessing data it cannot be trusted to use. 


An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from 
any privilege level. 


If the privilege checks fail (e.g., DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g., gate descriptor or exe- 
cute only code segment), exception 13 occurs. If the 
segment is not present, exception 11 is generated. 


Instructions that load selectors into SS must refer to 
data segment descriptors for writable data segments. 
The descriptor privilege (DPL) and RPL must equal 
CPL. 
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All other descriptor types or privilege level violation 
will cause exception 13. A not-present fault Causes 
exception 12. 


Conirol Transfer 


Four types of control transfer can occur when a selector 
is loaded into CS by a control transfer operation (see 
Table 9). Each transfer type can only occur if the opera- 
tion which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g., JMP through a call gate or RET to a Task 
State Segment) will cause exception 13. 


The ability to reference a descriptor for contro! transfer 
is also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip- 
tor with DPL equal to the task CPL or a conforming 
segment with DPL of equal or greater privilege than 
CPL. The RPL of the selector used to reference the code 
descriptor must have as much privilege as CPL. 


RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded 
into CS is the return address from the stack. After the 
return, the selector RPL is the task’s new CPL. If CPL 
changes, the old stack pointer is popped after the return 
address. 


When aJMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task’s CPL. Reference to a valid 
Task State Segment descriptor causes a task switch 
(see Task Switch Operation). Reference to a Task State 
Segment descriptor at a more privileged level than the 
task’s CPL generates exception 13. 


When an instruction or interrupt references a gate de- 
scriptor, the gate DPL must have the same or less privi- 
lege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs. If the destination 


Table 9. Descriptor Types Used for Control Transfer 


Control Transfer Types 
intersegment within the same privilege level 


intersegment to the same or higher privilege level 
Interrupt within task may change CPL 


Intersegment to a lower privilege level (changes task CPL) 


Task Switch 


* NT (Nested Task bit of flag word) = 0 
** NT (Nested Task bit of flag word) = 1 
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Descriptor Descriptor 
Operation Types Referenced Table 

JMP, CALL, RET, IRET* Code Segment GDT/LDT 
CALL Call Gate GDT/LDT 
Interrupt Instruction, Trap or Interrupt IDT 
Exception, External Gate 
Interrupt = | 
RET, IRET* Code Segment GDT/LDT 
CALL, JMP Task State Segment GDT 
CALL, JMP Task Gate GDT/LDT 
IRET** 
Interrupt Instruction, Task Gate IDT 


Exception, External 
Interrupt 
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selector contained in the gate references a code seg- 
ment descriptor, the code segment descriptor DPL must 
be the same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the 
code segment descriptor DPL is the task’s new CPL. If 
the destination selector in the gate references a task 
state segment, a task switch is automatically performed 
(see Task Switch Operation). 


The privilege rules on control transfer require: 


— JMP or CALL direct to a code segment (code 
segment descriptor) can only be to a conforming 
segment with DPL of equal or greater privilege than 
CPL or a non-conforming segment at the same 
privilege level. 


— interrupts within the task or calls that may change 
privilege levels can only transfer control through a 
gate at the same or a less privileged level than CPL 
to a code segment at the same or more privileged 
level than CPL. 


— return instructions that don’t switch tasks can only 
return control to a code segment at the same or less 
privileged level. 


— task switchcan be performed by acall, ajumporan 
interrupt which references either a task gate or task 
state segment at the same or less privileged level. 


Privilege Level Changes 


Any control transfer that changes CPL within the task 
causes a change of stacks as part of the operation. 
Initial values of SS:SP for privilege levels 0, 1, and 2 are 
kept in the task state segment (refer to Task Switch 
Operation). During a JMP or CALL control transfer, the 
new stack pointer is loaded into the SS and SP registers 
and the previous stack pointer is pushed onto the new 
stack. 


When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction opera- 
tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of 
words, as specified in the gate, are copied from the 
previous stack to the current stack. The intersegment 
RET instruction with a stack adjustment value will cor- 
rectly restore the previous stack pointer upon return. 


Protection 


The 80286 includes mechanisms to protect critical in- 
structions that affect the CPU execution state (e.g., 
HLT) and code or data segments from improper usage. 
These mechanisms are grouped under the term “protec- 
tion” and have three forms: 


e Restricted usage of segments (e.g., no write 
allowed to read-only data segments). The only 
segments available for use are defined by 


descriptors in the Local Descriptor Table (LDT) and 
Global Descriptor Table (GDT). 


e Restricted access to segments via the rules of 
privilege and descriptor usage. 


e Privileged instructions or operations that may only 
be executed at certain privilege levels as 
determined by the CPL and I/O Privilege Level 
(IOPL). The IOPL is defined by bits 14 and 13 of the 
flag word. 


These checks are performed for all instructions and can 
be split into three categories: segment load checks (Ta- 
ble 10), operand reference checks (Table 11), and privi- 
leged instruction checks (Table 12). Any violation of the 
rules shown will result in an exception. A not-present 
exception related to the stack segment causes 
exception 12. 


The IRET and POPF instructions do not perform some 
of their defined functions if CPL is not of sufficient privi- 
lege (numerically smail enough). Precisely, these are: 


e The IF bit is not changed if CPL >IOPL. 
e The IOPL field of the flag word is not changed if 
CPL>0. 


No exceptions or other indication are given when these 
conditions occur. 


Table 10. Segment Register Load Checks 


Exception 
Error Description Number 
Descriptor table limit exceeded 13 
Segment descriptor not present 11 or 12 
Privilege rules violated 13 


Invalid descriptor/segment type segment 
register load: 
— Read only data segment load to SS 
— Special control descriptor load to DS, 
ES, SS 13 
— Execute only segment load to DS, ES, 
SS 
— Data segment load to CS 
— Read/Execute code segment load 
to SS 


Table 11. Operand Reference Checks 


Exception 
Error Description Number 
Write into code segment 13 
Read from execute-only code segment 13 
Write to read-only data segment 13 
Segment limit exceeded! 12 or 13 


Note: Carry out in offset calculations is ignored. 
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Table 12. Privileged instruction Checks 


Exception 


Error Description Number 


CPL+0 when executing the following 
instructions: 
LIDT, LLDT, LGDT, LTR, LMSW, 
CTS, HLT 


CPL>IOPL when executing the following 
instructions: 13 
INS, IN, OUTS, OUT, STI, CLI, LOCK 


Exceptions 


The 80286 detects several types of exceptions and in- 
terrupts in protected mode (see Table 13). Most are 
restartable after the exceptional condition is removed. 
Interrupt handlers for most exceptions receive an error 
code, pushed on the stack after the return address, that 
identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, includ- 
ing all leading prefixes. For a processor extension seg- 
ment overrun exception, the return address will not point 
at the ESC instruction that caused the exception; how- 
ever, the processor extension registers may contain the 
address of the failing instruction. 


Special Operations 
Task Switch Operation 


The 80286 provides a built-in task switch operation 
which saves the entire 80286 execution state (registers, 
address space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is in- 
voked by executing an inter-segment JMP or CALL in- 
struction which refers to a Task State Segment (TSS) or 


task gate descriptor inthe GDT or LDT. An INT ninstruc- 
tion, exception, or external interrupt may also invoke the 
task switch operation by selecting a task gate descriptor 
in the associated IDT descriptor entry. 


The TSS descriptor points at a segment (See Figure 25) 
containing the entire 80286 execution state while a task 
gate descriptor contains a TSS selector. The limit field 
must be > 002B(H). 


Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80286 called the Task Register (TR). This register con- 
tains a selector referring to the task state segment de- 
scriptor that defines the current TSS. A hidden base and 
limit register associated with TR are loaded whenever 
TR is loaded with a new selector. 


The IRET instruction is used to return control to the task 
that called the current task or was interrupted. Bit 14 in 
the flag register is called the Nested Task(NT) bit. It 
controls the function of the IRET instruction. If NT=0, 
the IRET instruction performs the regular current task 
return; when NT = 1, IRET performs a task switch opera- 
tion back to the previous task. 


When a CALL or INT instruction initiates a task switch, 
the old and new TSS will be marked busy and the back 
link field of the new TSS set to the old TSS selector. The 
NT bit of the new task is set by CALL or INT initiated task 
switches. An interrupt that does not cause a task switch 
willclear NT. NT may also be set or cleared by POPF or 
IRET instructions. 


The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment 
causes Exception 13. 


Table 13. Protected Mode Exceptions 


Interrupt 
Vector Function 
8 Double exception detected 
9 Processor extension segment overrun 
10 Invalid task state segment 
11 Segment not present 
12 Stack segment overrun or segment not present 
13 General protection 
Notes: 


Return Address Error 
At Failing Always Code 
Instruction? Restartable? on Stack? 
Yes No2 Yes 
No No2 No 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes! Yes 
Yes No2 Yes 


1. When aPUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception 
will not be restartable because stack segment wraparound is not permitted. This condition is identified by the value of the 
saved SP being either 0000(H), 0001(H), FFFE(H), or FFFF(H). 


2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted 


under those conditions. 


3. All these checks are performed for all instructions and can be split into three categories: Segment Load Checks (Table 
10), Operand Reference Checks (Table 11), and Privileged Instruction Checks (Table 12). Any violation of the rules 
shown will result in an exception. A not-present exception causes exception 11 or 12 and is restartable. 
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Figure 25. Task State Segment and TSS Registers 
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Processor Extension Context Switching 


The context of a processor extension is not changed by 
the task switch operation. A processor extension con- 
text need only be changed when a different task at- 
tempts to use the processor extension (which still con- 
tains the context of a previous task). The 80286 detects 
the first use of a processor extension after a task switch 
by causing the processor extension not present excep- 
tion (7). The interrupt handler may then decide whether 
a context change is necessary. 


Whenever the 80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a proc- 
essor extension context may belong to a different task 
than the current one. The processor extension not pre- 
sent exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS =1 and a processor 
extension is present (MP =1 in MSW). 


Pointer Testing Instructions 


The 80286 provides several instructions to speed 
pointer testing and consistency checks for maintaining 
system integrity (see Table 14). These instructions use 
the memory management hardware to verify that a se- 
lector value refers to an appropriate segment without 
risking an exception. A condition flag indicates whether 
use of the selector or segment will cause an exception. 


Table 14. Pointer Test Instructions 


Instruction Operands Function 
ARPL Selector, Adjust Requested Privilege 
Register Level: adjusts the RPL of the 


selector to the numeric maxi- 

mum of current selector RPL 

value and the RPL value in the 

S register. Set zero flag if selec- 
elector 


tor RPL was changed. 


VERR VERify for Read: sets the zero 
flag is the segment referred to 
Selector by the selector can be read. 
VERW VERify for Write: sets the zero 
Register, flag if the segment referred to 
Selector 


by the selector can be written. 


LSL Load Segment Limit: reads 
the segment limit into the reg- 
ister if privilege rules and de- 
scriptor type allow. Set zero 
flag if successful. 


LAR ; Load Access Rights: reads 
Register, the descriptor access rights 
Selector byte into the register if privi- 
lege rules allow. Set zero 
flag if successful. 


Double Fault and Shutdown 


lf two separate exceptions are detected during a single 
instruction execution, the 80286 performs the double 
fault exception (8). If an exception occurs during proc- 
essing of the double fault exception, the 80286 will enter 
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shutdown. During shutdown no further instructions or 
exceptions are processed. Either NMI (CPU remains in 
protected mode) or RESET (CPU exits protected mode) 
can force the 80286 out of shutdown. Shutdown is exter- 
nally signaled via a HALT bus operation with A: High. 


Protected Mode Initialization 


The 80286 initially executes in real address mode after 
RESET. To allow initialization code to be placed at the 
top of physical memory, Azs-20 will be High when the 
80286 performs memory references relative to the CS 
register, until CS is changed. Azs-20 will be zero for refer- 
ences to the DS, ES, or SS segments. Changing CS in 
real address mode will force Azs-20 Low whenever using 
CS thereafter. The initial CS:IP value of FFOO:FFFO 
provides 64K bytes of code space for initialization code 
without changing CS. 


Before placing the 80286 into protected mode, several 
registers must be initialized. The GDT and IDT base 
registers must refer to a valid GDT and IDT. After exe- 
cuting the LMSW instruction to set PE, the 80286 must 
immediately execute an intrasegment JMP instruction 
to clear the instruction queue of instructions decoded in 
real address mode. 


To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute a 
JMP instruction with a selector referring to the initial 
TSS used in the system. This will load the task register, 
local descriptor table register, segment registers and 
initial general register state. The TR should point at a 
valid TSS since a task switch operation involves saving 
the current 


System Interface 


The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists of 
address, data, status, and control signals at the pins of 
the CPU. A system bus is any buffered version of the 
local bus. A system bus may also differ from the local 
bus in terms of coding of status and control lines and/or 
timing and loading of signals. The 80286 family includes 
several devices to generate standard system buses 
such as the IEEE 796 Standard MULTIBUS. 


Bus Interface Signals and Timing 


The 80286 microsystem local bus interfaces the 80286 
to local memory and I/O components. The interface has 
24 address lines, 16 data lines, and 8 status and control 
signals. 


The 80286 CPU, 82284 clock generator, 82C288 bus 
controller, 82289 bus arbiter, 8286/7 transceivers, and 
8282/3 latches provide a buffered and decoded system 
bus interface. The 82284 generates the system clock 
and synchronizes READY and RESET. The 82C288 
converts bus operation status encoded by the 80286 
into command and bus control signals. These compo- 
nents can provide the timing and electrical power drive 
levels required for most system bus interfaces including 
the MULTIBUS. 
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Physical Memory and I/O Interface 


A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. 


Byte transfers occur on either half of the 16-bit local data 
bus. Even bytes are accessed over D7-0 while odd bytes 
are transferred over Dis-s. Even-addressed words are 
transferred over D15-0 in one bus cycle, while odd-ad- 
dressed words require two bus operations. The first 
transfers data on D1s-s, andthe second transfers data on 
D7-. Both byte data transfers occur automatically, 
transparent to software. 


Two bus signals, Ao and BHE, control transfers over the 
lower and upper halves of the data bus. Even address 
byte transfers are indicated by Ao Low and BHE High. 
Odd address byte transfers are indicated by Ao High and 
BHE Low. Both Ao and BHE are Low for even ad- 
dress word transfers. 


The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte-wide peripheral devices may 
be attached to either the upper or lower byte of the data 
bus. Byte-wide 1/O devices attached to the upper data 
byte (Diss) are accessed with odd I/O addresses. 
Devices on the lower data byte are accessed with even 
\/O addresses. An interrupt controller such as the 8259A 
must be connected to the lower data byte (D7-o) for 
proper return of the interrupt vector. 


Bus Operation 


The 80286 uses a double-frequency system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The 
CPU divides the system clock by 2 to produce the inter- 
nal processor clock, which determines bus state. Each 
processor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82284 clock generator 
output (PCLK) identifies the next phase of the processor 
Clock. (See Figure 26.) 







Phase 1 


CLK 


One Processor Clock Cycle 
One Bus T State 


Phase 2 
of Processor —eLa— of Processor 
Clock Cycle Clock Cycle 


Six types of bus operations are supported: memory 
read, memory write, I/O read, I/O write, interrupt ac- 
knowledge, and halt/shutdown. Data can be transferred 
at a maximum rate of one word per two processor clock 
cycles. 


The 80286 bus has three basic states: idle (Ti), send 
status (Ts), and perform command (Tc). The 80286 CPU 
also has a fourth local bus state called hold (Th). Th 
indicates that the 80286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 


Each bus state is one processor clock long. Figure 27 
shows the four 80286 local bus states and allowed 
transitions. 


Bus States 


The idle (Ti) state indicates that no data transfers are in 
progress or requested. The first active state, Ts, is sig- 
naled by either status line S1 or SO going Low also 
identifying phase 1 of the processor clock. During Ts, the 
command encoding, the address, and data (for a write 
operation) are available on the 80286 output pins. The 
82C288 bus controller decodes the status signals and 
generates MULTIBUS-compatible read/write command 
and local transceiver control signals. 


After Ts, the perform command (Tc) state is entered. 
Memory or I/O devices respond to the bus operation 
during Tc, either transferring read data to the CPU or 
accepting write data. Tc states may be repeated as often 
as necessary to assure sufficient time for the memory or 
I/O device to respond. The READY signal determines 
whether Tc is repeated. A repeated Tc state is called a 
wait state. 


During hold (Tn), the 80286 will float all address, data, 
and status output pins, enabling another bus master to 
use the local bus. The 80286 HOLD input signal is used 
to place the 80286 into the Th state. The 80286 HLDA 
output signal indicates that the CPU has entered Th. 


Pipelined Addressing 


The 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible fordata access. 
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Figure 26. System and Processor Clock Relationships 
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Figure 27. 80286 Bus States 


Pipelined timing allows bus operations to be performed 
in two processor cycles, while allowing each individual 
bus operation to last for three processor cycles. 


The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes avail- 
able during the current bus operation. Or in other words, 
the first clock of the next bus operation is overlapped 
with the last clock of the current bus operation. There- 
fore, address decode and routing logic can operate in 


Read Cycle N 


CLK 


Proc CLK 


advance of the next bus operation. External address 
latches may hold the address stable for the entire bus 
operation and provide additional AC and DC buffering. 


The 80286 does not maintain the address of the current 
bus operation during all Tc states. Instead, the address 
for the next bus operation may be emitted during phase 
2 of any Tc. The address remains valid during phase 1 of 
the first Tc to guarantee hold time, relative to ALE, for 
the address latch inputs. 


Read Cycle N + 1 
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Pipelining: valid address (N+ 1) available in last phase of bus cycle (N). 


Valid Read Valid Read 
Data (N) Data (N + 1) 
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Figure 28. Basic Bus Cycle 
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Bus Control Signals 


The 82C288 bus controller provides control signals: ad- 
dress latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write en- 
able, and output enable for memory and I/O systems. 


The Address Latch Enable (ALE) output determines 
when the address may be latched. ALE provides at least 
one system CLK period of address hold time from the 


end of the previous bus operation until the address for. 


the next bus operation appears at the latch outputs. This 
address hold time is required to support MULTIBUS and 
common memory systems. 


The data bus transceivers are controlled by 82C288 
outputs Data Enable (DEN) and Data Transmit/Receive 
(DT/R). DEN enables the data transceivers while DT/R 
controls transceiver direction. DEN and DT/R are timed 
to prevent bus contention between the bus master, data 
bus transceivers, and system data bus transceivers. 


Command Timing Controls 


Two system timing customization options, command 
extension and command delay, are provided on the 
80286 local bus. 


Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 80286. External logic can 
control the duration of any bus operation such that the 
operation is only as long as necessary. The READY 
input signal can extend any bus operation for as long as 
necessary. 


Command delay allows an increase of address or write 
data set-up time to system bus command active for any 


bus operation by delaying when the system bus com- 


mand becomes active. Command delay is controlled by 
the 82C288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY 
is High, the 82C288 will not activate the command sig- 
nal. When CMDLY is Low, the 82C288 will activate the 
command signal. After the command becomes active, 
the CMDLY input is not sampled. 


When a command is delayed, the available response 
time from command active to return read data or accept 
write data is less. To customize system bus timing, an 
address decoder can determine which bus operations 
require delaying the command. The CMDLY input does 
not affect the timing of ALE, DEN, or DT/R. 


Figure 29 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N—1 and no delay for cycle N, and example 2 
shows delaying the read command one system CLK for 
cycle N-—1 and one system CLK delay for cycle N. 


Bus Cycle Termination 


At maximum transfer rates, the 80286 bus alternates 
between the status and command states. The bus 
status signals become inactive after Ts so that they 
may correctly signal the start of the next bus operation 
after the completion of the current cycle. No external 
indication of Tc exists on the 80286 local bus. The bus 
master and bus controller enter Tc directly after Ts and 
continue executing Tc cycles until terminated by 
READY. 
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Figure 29. CMDLY Controls and Leading Edge of the Command 


READY Operation 


The current bus master and 82C288 bus controller ter- 
minate each bus operation simultaneously to achieve 
maximum bus bandwidth. Both are informed in advance 
by READY active which identifies the last Tc cycle of the 
current bus operation. The bus master and bus control- 
ler must see the same sense of the READY signal, 
thereby requiring READY be synchronous to the system 
clock. 


Synchronous Ready 


The 82284 clock generator provides READY synchroni- 
zation from both synchronous and asynchronous 
sources (see Figure 30). The synchronous ready input 
(SRDY) of the clock generator is sampled with the falling 
edge of CLK at the end of phase 1 of each Tc. The state 
of SRDY is then broadcast to the bus master and bus 
controller via the READY output line. 


Asynchronous Ready 


Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their 
ready outputs cannot be guaranteed to meet the 82284 
SRDY set-up and hold time requirements. The 82284 











asynchronous ready input (ARDY) is designed to accept 
such signals. The ARDY input is sampled at the begin- 
ning of each Tc cycle by 82284 synchronization logic. 
This provides a system CLK cycle time to resolve its 
value before broadcasting it to the bus master and bus 
controller. 


ARDY or ARDYEN must be High at the end of Ts. ARDY 
cannot be used to terminate bus cycle with no wait 
status. 


Each ready input of the 82284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may 
terminate a bus operation. These enable inputs are ac- 
tive low and have the same timing as their respective 
ready inputs. Address decode logic usually selects 
whether the current bus operation should be terminated 
by ARDY or SRDY. 


Data Bus Control 


Figures 31, 32, and 33 show how the DT/R, DEN, data 
bus, and address signals operate for different combina- 
tions of read, write, and idle bus operations. DT/R goes 
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1. SRDYEN is active Low. 
2. If SRDYEN is High, the state of SRDY will not affect READY. 
3. ARDYEN is active Low. 


Notes: 


Figure 30. Synchronous and Asynchronous Ready 





active (Low) for a read operation. DT/R remains High 
before, during, and between write operations. 


The data bus is driven with write data during the second 
phase of Ts. The delay in write data timing allows the 
read data drivers, from a previous read cycle, sufficient 
time to enter three-state OFF before the 80286 CPU 
begins driving the local data bus for write operations. 
Write data will always remain valid for one system clock 
past the last Tc to provide sufficient hold time for MULTI- 
BUS or other similar memory or I/O systems. During 
write-read or write-idle sequences, the data bus enters 
three-state OFF during the second phase of the proces- 
sor cycle after the last Tc. In a write-write sequence the 
data bus does not enter three-state OFF between Tc 
and Ts. 


Bus Usage 


The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown. 
This section describes local bus activities which have 
special signals or requirements. 


HOLD and HLDA 


HOLD and HLDA allow another bus master to gain con- 
trol of the local bus by placing the 80286 bus into the Th 
state. The sequence of events required to pass control 
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between the 80286 and another locai bus master are 
shown in Figure 34. 


In this example, the 80286 is initially in the Tn, state as 
signaled by HLDA being active. Upon leaving Th, as 
signaled by HLDA going inactive, a write operation is 
started. During the write operation another local bus 
master requests the local bus from the 80286 as shown 
by the HOLD signal. After completing the write opera- 
tion, the 80286 performs one Ti bus cycle, to guarantee 
write data hold time, then enters Th as signaled by HLDA 
going active. 


The CMDLY signal and ARDY ready are used to start 
and stop the write bus command, respectively. Note that 
SRDY must be inactive or disabled by SRDYEN to guar- 
antee ARDY will terminate the cycle. 


HOLD must not be active during the time from the lead- 
ing edge of RESET until 34 CLKs following the trailing 
edge of RESET unless the 80286 is in the Halt condition. 
To ensure that the 80286 remains in the Halt condition 
until the processor Reset operation is complete, no in- 
terrupts should occur after the execution of HLT until 34 
CLKs after the trailing edge of the RESET pulse. 


Lock 


The CPU asserts an active lock signal during Interrupt- 
Acknowledge cycles, the XCHG instruction, and during 
some descriptor accesses. Lock is also asserted when 


CLK 
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Figure 31. Back-to-Back Read-Write Cycles 


the LOCK prefix is used. The LOCK prefix may be used 
with the following ASM-286 assembly instructions; 
MOVS, INS, and OUTS. For bus cycles other than Inter- 
rupt-Acknowledge cycles, Lock will be active for the first 
and subsequent cycles of a Series of cycles to be locked. 
Lock will not be shown active during the last cycle to be 
locked. For the next-to-last cycle, Lock will become in- 
active at the end of the first Tc regardless of the number 
of wait-states inserted. For Interrupt-Acknowledge cy- 
cles, Lock will be active for each cycle, and will become 
inactive at the end of the first Tc for each cycle regard- 
less of the number of wait-states inserted. 


Instruction Fetching 


The 80286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules: 


A prefetch bus operation starts when at least two bytes 
of the 6-byte prefetch queue are empty. 


The prefetcher normally performs word prefetches inde- 
pendent of the byte alignment of the code segment base 
in physical memory. 


The prefetcher will perform only abyte code fetch opera- 
tion for control transfers to an instruction beginning ona 
numerically odd physical address. 


Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the IU and placed into the 
instruction queue. 


In real address mode, the prefetcher may fetch up to 5 
bytes beyond the last control transfer or HLT instruction 
in a code segment. 


In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at the 
last physical memory word of the code segment. Excep- 
tion 13 will occur if the program attempts to execute 
beyond the last full instruction in the code segment. 


If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any attempt 
to execute it causes exception 13. 
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Figure 32. Back-to-Back Write-Read Cycles 
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Figure 33. Back-to-Back Write-Write Cycles 
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(See Note 7.) 


TS = Status Cycle 


TC =Command Cycle 03552-32 


Notes: 1. Status lines are not driven by 80286, yet remain high due to pull-up resistors in 820288 and 82289 during 
HOLD state. 


2. Address, M/IO and COD/INTA may start may start floating during any TC, depending on when internal 
80286 bus arbiter decides to release bus to external HOLD. The float starts in 02 of TC. 


3. BHE and LOCK may start floating after the end of any TC, depending on when internal 80286 bus arbiter 
decides to release bus to external HOLD. 


4. The minimum HOLD J to HLDA J time is shown. Maximum is one T,, longer. 
5. The earliest HOLD 7 time is shown which will always allow a subsequent memory cycle if pending. 


6. The minimum HOLD T to HLDA T time is shown. Maximum is a function of the instruction, type of bus cycle 
and other machine status (i.e., Interrupts, Waits, Lock, etc.). 


7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this 
example. Synchronous ready state is ignored after ready is signaled via the asynchronous input. 


Figure 34. MULTIBUS Write Terminated by Asynchronous Ready with Bus Hold 
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Processor Extension Transfers 


The processor extension interface uses I/O port ad- 
dresses 00F8(H), and OOFA(H), and OOFC(H) which are 
part of the I/O port address range and is areserved area. 
An ESC instruction with EM =0 and TS = 0 will perform 
I/O bus operations to one or more of these I/O port 
addresses independent of the value of IOPL and CPL. 


ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor extension 
operand transfers. The CPU will determine the operand 
starting address and read/write status of the instruction. 
For each operand transfer, two or three bus operations, 
one word transfer with I/O port address OOFA(H), and 
one or two bus operations with memory are performed. 
Three bus operations are required for each word oper- 
and aligned on an odd byte address. 


Interrupt Acknowledge Sequence 


Figure 35 illustrates an interrupt acknowledge Se- 
quence performed by the 80286 in response to an INTR 
input. An interrupt acknowledge sequence consists of 
two INTA bus operations. The first allows a master 
8259A Programmable Interrupt Controller (PIC) to de- 
termine which, if any, of its slaves should return the 
interrupt vector. An eight-bit vector is read by the 80286 
during the second INTA bus operation to select an inter- 
rupt handler routine from the interrupt table. 


The Master Cascade Enable (MCE) signal of the 
82C288 is used to enable the cascade address drivers, 
during INTA bus operations (see Figure 35), onto the 
local address bus for distribution to slave interrupt con- 
trollers via the system address bus. The 80286 emits the 
LOCK signal (active Low) during Ts of the first INTA bus 
operation. A local bus “hold” request will not be honored 
until the end of the second INTA bus operation. 


Three idle processor clocks are provided by the 80286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out 
delay of the 8259A. The second INTA bus operation 


must always have at least one extra Tc state added via. 


logic controlling READY. Azs—Ao are in three-state OFF 
until after the first Tc state of the second INTA bus op- 
eration. This prevents bus contention between the cas- 
cade address drivers and CPU address drivers. The 
extra Tc state allows time for the 80286 to resume driv- 
ing the address lines for subsequent bus operations. 


Local Bus Usage Priorities 


The 80286 local bus is shared among several internal 
units and external HOLD requests. Incase of simultane- 
ous requests, their relative priorities are: 
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Any transfers which assert LOCK either ex- 
plicitly (via the LOCK instruction prefix) or 
implicitly (i.e., segment descriptor access, 
interrupt acknowledge sequence, or an 
XCHG with memory). 


The second of the two-byte bus operations 
required for an odd aligned word operand. 


(Highest) 


Local bus request via HOLD input. 


Processor extension data operand transfer 
via PEREQ input. 


Data transfer performed by EU as part of an 
instruction. 


(Lowest) An instruction prefetch request from BU. 
The EU will inhibit prefetching two proces- 
sor clocks in advance of any data transfers 
to minimize waiting by EU for a prefetch to 


finish. 


Halt or Shutdown Cycles 


The 80286 externally indicates halt or shutdown condi- 
tions as.a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut- 
down bus operation is signalled when S1, SO and COD/ 
INTA are Low and M/IO is High. A: High indicates halt, 
and A: Low indicates shutdown. The 82C288 bus con- 
troller does not issue ALE, nor is READY required to 
terminate a halt or shutdown bus operation. 


During halt or shutdown, the 80286 may service PEREQ 
or HOLD requests. A processor extension segment 
overrun exception during shutdown will inhibit further 
service of PEREQ. Either NMI or RESET will force the 
80286 out of either halt or shutdown. An INTR, if inter- 
rupts are enabled, or a processor extension segment 
overrun exception will also force the 80286 out of halt. 


System Configurations 


The versatile bus structure of the 80286 microsystem, 
with a full complement of support chips, allows flexible 
configuration of a wide range of systems. The basic 
configuration, shown in Figure 36, is similar to an iAPX 
86 maximum mode system. It includes the CPU plus an 
8259A interrupt controller, 82284 clock generator, and 
the 82C288 Bus Controller. The iAPX 86 latches (29843 
and 29845) and transceivers (29833 and 29863) may be 
used in an 80286 microsystem. 
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Notes: 1. Data is ignored. 


2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 


3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive A,,-A,, BHE, and LOCK 
until after the first T, state. 
The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by 


MCE J and address outputs. 
Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the second 
INTA cycle. The 8259A also requires one wait state for minimum INTA pulse width. 


4. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles ina 
multi-master system. 


5. A,3-A, exits three-state OFF during 62 of the second T, in the INTA cycle. 


Figure 35. Interrupt Acknowledge Sequence 
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Figure 36. Basic 80286 System Configuration 


As indicated by the dashed lines in Figure 36, the ability 


to add processor extensions is an integral feature of 
80286 microsystems. The processor extension inter- 
face allows external hardware to perform special func- 
tions and transfer data concurrent with CPU execution 
of other instructions. Full system integrity is maintained 
because the 80286 supervises all data transfers and 
instruction execution for the processor extension. 


The 80286 with the 80287 numeric processor extension 
(NPX) uses this interface. The iAPX 286/287 has all the 
instructions and data types of an iAPX 86/87 or iAPX 
88/87. The 80287 NPX can perform numeric calcula- 
tions and data transfers concurrently with CPU program 
execution. Numerics code and data have the same in- 
tegrity as all other information protected by the 80286 
protection mechanism. 


The 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the previ- 
ous bus operation. This information is latched into the 
29843/45’s by ALE during the middle of a Ts cycle. The 
latched chip select and address information remains 
stable during the bus operation while the next cycle’s 
address is being decoded and propagated into the sys- 
tem. Decode logic can be implemented with a high- 
speed bipolar PROM. 
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The optional decode logic shown in Figure 36 takes 
advantage of the overlap between address and data of 
the 80286 bus cycle to generate advanced memory and 
\/O-select signals. This minimizes system performance 
degradation caused by address propagation and de- 
code delays. In addition to selecting memory and |/O, 
the advanced selects may be used with configurations 
supporting local and system buses to enable the appro- 
priate bus interface for each bus cycle. The COD/INTA 
and M/IO signals are applied to the decode logic to 
distinguish between interrupt, I/O, code and data bus 
cycles. 


By adding the 82289 bus arbiter chip, the 80286 pro- 
vides a MULTIBUS system bus interface as shown in 
Figure 37. The ALE output of the 82C288 for the MULTI- 
BUS bus is connected to its CMDLY input to delay the 
start of commands one system CLK as required to meet 
MULTIBUS address and write data set-up times. This 
arrangement will add at least one extra Tc state to each 
bus operation which uses the MULTIBUS. 


A second 82C288 bus controller and additional latches 
and transceivers could be added to the local bus of 
Figure 37. This configuration allows the 80286 to 
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Figure 37. MULTIBUS System Bus Interface 


support an on-board bus for local memory and peripher- 
als and the MULTIBUS for system bus interfacing. 


Figure 38 shows the interface of the 80286 with the 
Am2968 Dynamic Memory Controller. The interface is 
a timing controller which consists of some control 
logic and a delay line. The timing controller runs 
asynchronously to the CPU. It arbitrates between mem- 
ory requests and refresh requests by generating the 
proper signals to the dynamic memory controller and 


memory. The design described is a simple, cost- 
effective solution to interfacing the 80286 with the 
Am2968. A further description about DRAM selection 
based on processor speed may be found in the Am2968 
Application Note. 


Two-operand instructions (e.g., MOV and ADD) are 
usually three to six bytes long. Memory-to-memory op- 
erations are provided by a special class of string instruc- 
tions requiring one to three bytes. 
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Address Bus 


Ass-Aoo-f-| SELO, 1 


DRAM 
Am9064 
Am90C256 
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Figure 38. 80286 Interface with the Am2968 Dynamic Memory Controller 


Table 15. 80286 Systems Recommended Pull-up Resistor Values 


80286 Pin and Name Pull-up Value Purpose 


4-S1 | 

5-SO0 20KQ+10% Pull SO, St, and PEACK inactive during 80286 
hold periods. 

6—-PEACK 





53-ERROR Pull ERROR and BUSY inactive when 80287 
20KQ+10% not present (or temporarily removed from 
54-BUSY socket). 





Pull READY inactive within required minimum 


63-READY 910Q+5% time (C, = 150 pF, In < 7mA). 
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AMD a 
Byte 3 Byte 4 Byte 5 Byte6 
OO ag Pere Me yt Se a oe ok, ee Me 
Low Disp/Data | High Disp/Data_ | Low Data | High Data | 
JSR a eR Ons AOR | eee ny ee a oe Lat oe ine 8h 
Register Operand/Registers to use in Offset Calculation 
Register Operand/Extension of Opcode 
Register Mode/Memory Mode with Displacement Length 
Word/Byte Operation 
Direction is to Register/Direction is from Register 
Operation (Instruction) Code 
03552-37 
A. Short Opcode Format Example 
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 
2. 432107 6 4 BF G 4 30ers 
es eee Pele atolls een el "pe ee 
Long Opcode mod reg) | t/m _J 





B. Long Opcode Format Example 
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Figure 39. 80286 Instruction Format Examples 
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80286 INSTRUCTION SET SUMMARY 
Instruction Timing Notes 


The instruction clock counts listed below establish the 
maximum execution rate of the 80286. With no delays in 
bus cycles, the actual clock count of an 80286 program 
will average 5% more than the calculated clock count, 
due to instruction sequences which execute faster than 
they can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 
8-MHz processor clock has a clock period of 125 
nanoseconds and requires an 80286 systemclock (CLK 
input) of 16 MHz. 


Instruction Clock Count Assumptions 


1. The instruction has been prefetched, decoded, and 
is ready for execution. Control transfer instruction 
clock counts include all time required to fetch, 
decode, and prepare the next instruction for 
execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

4. No exceptions occur during instruction execution. 

Instruction Set Summary Notes 
Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the in- 
struction fields shown. 
Above/below refers to unsigned value 
Greater refers to positive signed value 
Less refers to less positive (more negative) signed 
values 
ifd=1 then to register; if d = 0 then from register 
iftw=1 then word instruction; if w=0 then byte 
instruction 
ifs=Q then 16-bit immediate data to form the 
operand 
ifs=Q then an immediate data byte is sign- 
extended to form the 16-bit operand 
x= don't care 
z= used for string primitives for comparison with 
ZF FLAG 
If two clock counts are given, the smaller refers to a 
register operand and the larger refers to amemory oper- 
and. 


*= addone clock if offset calculation requires sum- 
ming 3 elements 

n= number of times repeated 

m= number of bytes of code in next instruction 
Level (L)—Lexical nesting level of the procedure 
The following comments describe possible exceptions, 
side effects, and allowed usage for instructions in both 
operating modes of the 80286. 


Real Address Mode Only 


1. This is a protected mode instruction. Attempted 
execution in real address mode will result in an un- 
defined op-code exception (6). 
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2. A segment overrun exception (13) will occur if 
a word operand reference at offset FFFF(H) is 
attempted. 

3. This instruction may be executed in real address 
mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain 0. 

5. Processor extension segment overrun interrupt (9) 
will occur if the operand exceeds the segment limit. 

Either Mode 


6. An exception may occur, depending on the value of 
the operand. 

7. LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 

8. LOCK does not remain active between all operand 
transfers. 

Protected Virtual Address Mode Only 

9. Ageneral protection exception (13) will occur if the 
memory operand cannot be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 

10. For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an 
exception. The segment must be present to avoid a 
not-present exception (11). If the SS register is the 
destination, and a segment-not-present violation 
occurs, a stack exception (12) occurs. 

11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multi- 
processor systems. 

12. JMP, CALL, INT, RET, IRET instructions referring 
to another code segment will cause a general 
protection exception (13) if any privilege rule is 
violated. 

13. A general protection exception (13) occurs if 
CPL#0. 

14. A general protection exception (13) occurs if 
CPL >IOPL. 

15. The IF field of the flag word is not updated if 
CPL>IOPL. The IOPL field is updated only if 
CPL=0. 

16. Any violation of privilege rules as applied to the 
selector operand do not cause a protection excep- 
tion; rather, the instruction does not return a result 
and the zero flag is cleared. 

17. If the starting address of the memory operand vio- 
lates a segment limit, or an invalid access is at- 
tempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A 
stack segment overrun exception (12) will occur if 
the stack limit is violated by the operand’s starting 
address. If a segment limit is violated during an 
attempted data transfer, then a processor extension 
segment overrun exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET, or 
IRET instruction must be in the defined limit of a 
code segment or a general protection exception 
(13) will occur. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature ........... —65 to + 150° C Commercial (C) Devices 

Voltage on Any Pin with Temperature (TC) ............... 0 to +85°C 
Respect to Ground ........... ~1.0to+7.0V Supply Voltage (VCC) .............. 5 V+5% 

Power Dissipation ..................... 3.15 W Operating ranges define those limits between which the 


functionality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS 
(Vcc=5V +5%, Tcase = 0 to + 85° C) 


Parameter Description Test Conditions vite | te Unit 





poe ar 
Vin Input High Voltage Vcc +0 .5 V 
Vuc__|CLKInputLowVoltage ss | Cd SV 
Vic [CLK InputHighVoltage | Bo OSV 
Var [Guia Low Votage [ant WA 
Von [OutputHigh Voltage | lon=—-400 WA 
lu |inputLeakage Current = | OVS Vins Veo oT | tA 
ho _ [Output Leakage Current | 0.45 Vs VoursVec | | 0A 
cc _ [Supply Current(turnon,0°C) | Notei | Tm 
Cox [CLK Input Capactance | Fe=1 MHz | [20 
Ci |OtherInput Capacitance | Fo=1 MHz | | 0 
Go [input Output Capactiance | Fox Wiz | | 20 pF 
ho [OutputLeakage Current | OVsVor<s045V | | tt mA 
BUSY and ERROR pins 
hon [Input CLK Leakage Current | 0.45< Vws Voc sf S| 10 
Len [Input CLK Leakage Curent [0V< Vw s0asv | | 1] mA 


Note: Low temperature is worst case. 
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SWITCHING CHARACTERISTICS 


Vec = +5 V+ 5%, Tcase = 0° to +85° C 
AC Timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless 
otherwise noted. 


| 8MHz 
| SystemClock (CLK) Period =| Cs]? | 125| 50] 125 | ns 
2 | SystemClock(CLK)LowTime_ | ati.0V ss |, 15 | 100] 12] 109 | ns 
3 | _SystemClock (CLK) High Time | at36V. ss] «25 | (110 | 16] 113 | ns 
17__| __SystemClock (CLK) RiseTime | 1.0Vto36Vv. | | 10| | 8 | ns 
18 | SystemClock (CLK) FallTime [| 3.6Vto10V. | | 10] | 8 | ns 
4 | Asynchronous Inputs SetupTime | Note1 —=-s | 20 | =| 20] ~—s | ns 
5 | _AsynchronousInputsHoldTime_| Note1  — ss | 20 | | 20] [ns 
6 | RESETSetupTime _—=« —s| Ss ——t—~—“‘rL: CCT C88 ns 
7__| RESETHoldTime = || Ss CT CD | TCT CS ns 
8 | ReadDataSetupTime | | 10] &2,.| 8| Ins 
9 | ReadDataHoldTime | =| 8| | 8] [ns 
10 | READYSetupTime | | 38 | | 26] ‘(Ins 
11 | READYHoldTime = (s| t—“‘CSSCdT «SCT CO S| ns 
12 | Status/PEACK ValidDelay | Note2,Note3 | 1 | 40| -| - | ns 
12a___|__Status/PEACK Active Delay _—s| Note2,Note3_ | - | -| 1] 22 | ns 
12b | __Status/PEACK Inactive Delay __—| Note2,Note3_ | - | -| 1{| 30 | ns 
13 | Address ValidDelay —s—s ss] “Note 2,Notes | 1 | 60| 1] 35 | ns 
14 | ~WriteDataValid Delay —s—s| = Note 2,Note3 | 0 | 50] O| 30 | ns 
15 Note2,Note4 | O| 50] O| 47 | ns 
16 | HLDAValidDelay —ss——Ss|«Note2,Note3 | 0 | 50] O0| 47 | ns 
19 Address Valid to Status Note 3, Note 5, 27 ns 
_Nadsoptin Mee | | || 


Notes: 1. Asynchronous inputs are INTR, NMI, HOLD PEREQ, ERROR, and BUSY. This specification is given only for testing 
purposes, to assure recognition at a specific CLK edge. 


. Delay from 1.0 V on the CLK to 0.8 V or 2.0 V or float on the output as appropriate for valid or floating condition. 
. Output load: C, = 100 pF. 
. Float condition occurs when output current is less than |,, in magnitude. 


. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status 
going inactive reaching 0.8 V. 


6. For load capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for 
10 MHz spec. 


of @d rw 
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SWITCHING CHARACTERISTICS (continued) 

Vcc =+5V+5%, Toase = 0° to +85° C 

AC Timings are referenced to 0.8 V and 2.0 V points of signals as illustrated in data sheet waveforms, unless 
otherwise noted. 


[| 12.5MHz | 16MHz_| 
Parameters | Description | Test Conditions | Min. | Max.| Min.| Max.| Unit 


1__| SystemGlock (CLK) Period | | 40 | 125] | 125 | 
2 | “System Clock (CLK) LowTime [at ov Ta | ta t0 | 143 | is 
3 ns 
17 [System Clock (CLK) RiseTime | 10viosev | [sf ef [ns 
18 [System Clock (GLK) FallTime | 3evtorov | [af at [ns 


4 __| Asynchronous Inputs Setup Time | Notei1 ss | 15 | | tt | ns 
5 | Asynchronous InputsHoldTime_| Notet sss || «15 | ~~ | S11] sins 
6 | RESETSetupTime  —=—s | Ss ——“‘(WCr!: CTCL hs 
7___| RESETHoldTime sss | CS —“‘iEC‘(CSK TCT ds 
8 | ReadDataSetupTime | | S| | 5| | ns 
9 | ReadDataHoldTime =|  ——C‘iTE(C CCT Sd ns 
10. «| READYSetupTime =| St —“‘é‘LC(i S| ns 
11 | READYHoldTime = (ss | CC sCidTC TT ns 
12 | Status/PEACK Valid Delay | Note2,Note3 | - | -| 1/ 18 | ns 
12a___|_Status/PEACK Active Delay | Note2,Note3 | 3 | 18{ 1| 18] ns 
12> _|_Status/PEACK Inactive Delay | Note2,Notes__| 3 | 20{ 1| 20| ns 
13 | Address ValidDelay —s—ss«| “Note 2,Note3 | 1 | 32] 1] 29 | ns 
14 | Write Data Valid Delay —s——ss| “Note 2,Note3_ | 0 | 30] O| 22 ]| ns 
15___|_Address/Status/Data Float Delay _| Note2,Note4 | 0 | 32| O| 29] ns 
16___|_HLDA Valid Dela | Note2,Note3_ | 0 | 25/ O| 25] ns 


19 Address Valid to Status Note 3, Note 5 22 22 ns 
Valid Setup Time Note 6 





Notes: 1. Asynchronous inputs are INTR, NMI, HOLD PEREQ, ERROR, and BUSY. This specification is given only for testing 
purposes, to assure recognition at a specific CLK edge. 


. Delay from 1.0 V on the CLK to 0.8 V or 2.0 V or float on the output as appropriate for valid or floating condition. 
. Output load: C, = 100 pF. 
. Float condition occurs when output current is less than I,, in magnitude. 


no »& W PP 


. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status 
going inactive reaching 0.8 V. 


6. Forload capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for 
10 MHz spec. 
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AC Test Loading on Outputs 


Device 
Output | 
i Fil 
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AC Drive and Measurement Points—CLK Input 


4.0V 







CLK Input 


0.45 V 
03552—40 


AC Setup, Hold and Delay Time Measurement—Generai 






4.0V 


CLK Input 
1.0V 








0.45 V 
9 4 V tserup thotp 
Other 2.0V | 2.0V 
Device a Aay 
Input 9 45V 
Device 
Output 03552-41 
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SWITCHING WAVEFORMS 
Major Cycle Timing 


Read Cycle illustrated Write Cycle illustrated 
with zero wait states with one wait state 


Bus Cycle Type Ts T Tor Ts 


Ven (3) 6 ® 92 


CLK Va 
caine: 
57-50 7 
ee: Valid if Ts 
© 


ee See oe “ ie ee 


© 
} 
be 
E 


Valid if Ts 





ARDY + ARDYEN 


82284 


PCLK 


82C288 


DIR 


2) 


DEN 


Note: The modified timing is due to the CMDLY signal being active. 03552—42 
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SWITCHING WAVEFORMS (continued) 








80286 Asynchronous Input Signal Timing 80286 Reset Input Timing and Subsequent 
Processor Cycle Phase 

Bus Cycle Type <—— Tx 

Ven f) 

CLK 

Va. 
PCLK @ CLK 
(See Note 1.) © 

® Reset 

INTR, NMI, Cr s iY ar 
HOLD, PEREQ Fa oe SS GJ a Fo a gt 


(See Note 2.) - 
= oO 
ERROR BUSY FN 


; ; > 
ve ” RS CLK 
* Sk wh og 
(See Note 2.) Si 
. 
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Notes: 1. PCLK indicates which processor cycle phase will 
occur on the next CLK. PCLK may not indicate the 
correct phase until the first bus cycle is performed. 


Reset 





2. These inputs are asynchronous. The setup and Note: When RESET meets the set-up time shown, the next 
hold times shown assure recognition for testing CLK will start or repeat $1 of a processor cycle. 
purposes. 


Exiting and Entering Hold 


Bus Cycle Type Tr T,or T, T 
i) 


t Tr 
1 i) 1 D2. 1 


oe], | = 
') eS > (5 (See Note 3.) 
ore 5 


i) 


Vou D1 
CLK 


Vou 





HLDA 


80286 





3 | PCLK 
3 


Notes: 1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is 
shown. 


. The data bus will be driven as shown if the last cycle before T, in the diagram was a write T,. 


03552-45 


. The 80286 floats its status pins during T,,. External 20 kQ resistors keep these signals high (see Table 15). 
. For HOLD request set-up to HLDA, refer to Figure 34. 

. BHE and LOCK are driven at this time but will not become valid until Ts. 

. The data bus will remain in three-state OFF if a read cycle is performed. 


On & W NH 





1-114 80286 








_ St agpinalareraaed ak nee mca wore egg Nt tthe at he nce eg alee et cca Bite NA SI SRR na es SO NS IO Se OR RE I Ae SE IE TE 8 5p EOE ET Tah OF Rand iT ee tet te te te ngs pS EE or genera ee penn maaneein e anm ee ae nies cements tak Serpe Eine Gemten caercrimnmesee thet antnymtpeioapn eee tne tee Ta a Aare mo Rae Seats, cient ea eee as aes Bad hath gs Gen Te AE Tea, 





SWITCHING WAVEFORMS (continued) 


80286 PEREQ/PEACK Timing Required PEREQ Timing for One Transfer Only 


Bus Cycle Type 
yas Ts Te Ts Te 1 
eG tho 1 ‘) 1) tho 4 ‘) 1 ho 1 
CLK 
V. 
- VO Read if proc. ext. to memory Memory Write if proc. ext. to memory 
| aie Read if memory to proc. ext. VO Write if memory to proc. ext. 
$i - S0 


Memory address if proc. ext. to memory transfer 
VO port address OOFA(H) if memory to proc. ext. transfer 


Aas-/Ag 
WO, a= Opes Rn Ry 
Van Kon \ | 





VO port address OOFA(H) if proc. ext. to memory transfer 
Memory address If memory to proc. ext. transfer 
(See Note 2.) song | 
oe ba *t, ty “Ny “hy ° ron yy +" RS " Ry a a a at -" ‘d wv Oe 5° “° ae .* “fA 
PE REQ: "say, ta, "2p “ey, “1, “te, Ns, ty “vey "n, 4s Ny “ty, Mey "ty 2 oy RS Rs rs me a mr SP PS 
“ny, ns bey “a ‘ny 1 yy %,, “a i om May, ty a ay ty “Ny y, “nt “a fay i on - s a oo “ * ey e, oy rp ra Pres ot roe ra ees . 
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Assuming word-aligned memory operand; if odd-aligned, 80286 transfers to/from memory byte-at-a-time 
with two memory cycles. 


Notes: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. 
The first bus operation will be either a memory read at operand address or 1/O read at port address OOFA(H). 


2. To prevent a second processor extension data operand transfer, the worst case maximum time (shown above) is: 3 x 
1—11 max—4 min. The actual, configuration dependent, maximum time is: 3 x 1—11 max—4 min+Ax 2x 1. Ais the 
number of extra T, states added to either the first or second bus operation of the processor extension data operand 
transfer sequence. 
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initial 80286 Pin State During Reset 


Bus Cycle Type 


> 
oes 
(See Note 1) 


bd At po Atleast 


16 CLK Periods 





37-30 
PEACK Unknown 


a 
Aee Unknown ey Sees 





MW 
ee Unknown | oh 
[LOCK Unknown 


‘®B) (See Note 3.) 


KA i) 
lin, tty, "tty 94 
en ‘ny. *, * ‘ny, ‘ty, “sy, ty, ty. KS My. ‘ty, Ms, tn." ‘ye “N° en am aan -f-— ae SOS CED MRA ee cD 
ve FKFMKH KM MM GW ot? 
aS 5 











ey cf t 4, e , es €; e; gf 
PR A a OO OS "tg, "te, a, A PS 
DATA Mey, Mey, ty, Ty, fy, ty, ty, Oty, Mes, ey, fin, ty, “ty, ns “ty, fig ty, Mey, Mt, Ney ty ley, ty A, ty, ty, 


"Ny 
‘a 
ee ee te Oe ty ee ye ee ty Oy DD DY : 
LF KHHHFHKHFKHLKHHFKH HH HK LK KH PF MH HM MM WW Eo" 


oe 





ay, 


Ra 



























lf hold is NOT active (See Note 4.) 






HLDA Unknown 
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Notes: 1. Set-up time for RESET T may be violated with the consideration that $1 of the processor clock may begin one 
system CLK period later. 
2. Set-up and hold times for RESET J must be met for proper operation, but RESET J may occur during $1 or 62. 
3. The data bus is only guaranteed to be in three-state OFF at the time shown. 


4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains 
active while RESET goes inactive, the 80286 remains in HOLD state and will not perform any bus accesses until 
HOLD is deactivated. 





1-116 80286 











FERRE CERT Ta SE AST WE Ee ee daa Rs oe ane Se RY ee Le te eee SEE te ace EE BRM tual ant aa 


80286 INSTRUCTION SET SUMMARY 







Function 


DATA TRANSFER 
MOV = Move: 





Format 


Register to Register/Memory] 1000100w 
Register/Memory to Register} 1000101w 


Immediate to register/ 
Memory 


| Immediate to register 
Memory to accumulator 
Accumulator to memory 


Register/memory to 
segment register 


Segment register to 
register/memory 


PUSH = Push: 


Memory 

Register 

Segment register 
Immediate* 
PUSHA = Push Alli* 
POP = Pop 


Memory 

Register 

Segment register 
POPA = Pop Ail* 
XCHG = Exchange: 


Register/memory with 
register 


Register with accumulator 
IN = Input from: 

Fixed port 

Variable port 

OUT = Output to: 

Fixed port 

Variable port 


XLAT = Translate byte to AL 


LEA=Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 


LAHF = Load AH with flags 
SAHF = Store AH into flags 


PUSHF = Push flags 
POPF = Pop flags 








[10t1wreg | data | data itw=1_| 


10001100] modOregr/m 






mod110r/m 













01010reg 
000reg110 


01100000 


| 10001111 | modooorim 
01011reg 


000reg111 
01100001 


10010reg 


















(reg #01) 









11000101] mod reg r/m 
11000100] mod reg t/m_ 


10011100 





(mod # 11) 
(mod # 11) 


*Indicates instructions not available in iAPX 86, 88 microsystems. 


See footnotes on page 1-124. 
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2,3° 
2,5° 
2,3" 


2,5" 


2,3" 


5* 


17 


5* 


19 


3,5*° 


Protected 
Virtual 
Address 


Mode 


2,3" 
2,5" 
2,3" 


17,19° 


2,3" 


5* 


5* 


20 
19 


3,5* 


3° 
21* 
21° 


og OM PP 


soo orem wedge a eng 


a ara en eR A a A a aI aa RT a I 


rm MO NM NM 1 rm NM NM 


PhP NM ND NM 


2,7 


Protected 
| Virtual 
Address 
Mode 


owes, onan ea aa epee eect atin ee spertete A ES, MTS alt E 
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9 
9 
9,10,11 


oO © O Oo 


9,10,11 


7,9 


14 
14 


14 
14 


9,10,11 
9,10,11 


9,15 
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80286 INSTRUCTION SET SUMMARY (continued) 


Function 





ARITHMETIC 


ADD=Add: 
Reg/memory with register to either 


Immediate to register/memory 
Immediate to accumulator 


ADC = Add with carry: 


Reg/memory with register to either 
immediate to register/memory 
Immediate to accumulator 

INC =Increment: 


Register/memory 
| Register 
SUB =Subtract: 


| Reg/memory and register to either 
| immediate from register/memory 
Immediate from accumulator 
SBB = Subtract with borrow: 


Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

DEC = Decrement: 


Register/memory 
Register 
CMP = Compare: 


Register/memory with register 
Register with register/memory 
Immediate with register/memory 


Immediate with accumulator 
NEG =Change sign 
AAA =ASCIl adjust for add 
DAA = Decimal adjust for add 
AAS =ASCIl adjust for subtract 
DAS = Decimal adjust for subtract 
MUL = Multiply (unsigned) 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 
IMUL = Integer multiply (signed)* 
Register-Byte 
Register-Word 

| Memory-Byte 
Memory-Word 


[Glock Count |Comments 





100000sw| mod00r/m | data | data ifs:w=01 
poco tow] aa | —daaweT | 


0001 00dw] modregiim 
100000swj] mod010r/m | data data if s:w=01 
0001010w| data (| dalaitwat_ 


11111114w]{ modO000r/m 


01000reg 


OOOT10dw] modregim | 
100000sw| modO1tirm| data _| dataif sw=01 
001011 0w| data | dataifwa1_ 


171111714wWt mod001r/m 


01001 reg 


0011100wW]{ mod reg r/m 


100000sw! modii1ir/m | data data if s:'w=01 


1111011w]} modO1it/m 





00100111 
00111111 


1111011w] mod100r/m 


1111011W J] mod101r/m 


*Indicates instructions not available in iAPX 86, 88 microsystems. 


See footnotes on page 1-124. 
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80286 INSTRUCTION SET SUMMARY (continued) 














| Virtual 
Address 
Mode 





Real 
Address | Address 
Mode 


Function Format 


ARITHMETIC (Continued) 


IMUL = Integer immediate multiply: |011010a1 | modregrim | data __—«|_ dataifa=0 | 


(signed)* 
DIV = Divide (unsigned) PTT TOT Tw] mod ti Ori 
Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

IDIV = Integer divide (signed) 1111011w | mod1114/m | 
Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

AAM = ASCII adjust for multiply 
AAD =ASCIl adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 





111010100] 000010101 
141010101 | 00001010 


10011000 
10011001 










LOGIC 
Shift/Rotate Instructions: 
Register/Memory by 1 1101000WwW 


Register/Memory by CL 1101001w! mod TTT r/m 
Register Memory by Count* 1100000 


TIT instruction 
000 ROL 

001 ROR 

010 RCL 

011 RCR 

100 SHUSAL 
101 SHR 

111 SAR 


AND = And: 


Reg/memory and register to either l001000dw| modregrim | 
Immediate to register/memory 1000000w| mod100rm| data | data ifw=1 | 
Immediate to accumulator l0010010w| data | dataifw=1| 
TEST = And function to flags, no result: | | 
Register/memory and register 

Immediate data and register/memory 1111011w| mod0O0O0r/m| data | dataifw=1 | 
Immediate data and accumulator 1010100w| data =| dataifw=1, 

OR = Or: | 

Reg/memory and register to either 

Immediate to register/memory 11000000w| modOOtt/m| data | data ifw=1_| 


| Immediate to accumulator 10000110w| data | dataifw=1| 
XOR = Exclusive or: | 
Reg/memory and register to either l001100dw| modregrim | 
Immediate to register/memory 1000000w| modi1Orm| data | data ifw=1 | 
Immediate to accumulator l0011010w| data ss | dataifw=1) 


NOT = Invert register/memory Hat1011w, mod 0 10 r/m 


*Indicates instructions not available in iAPX 86, 88 microsystems. 
See footnotes on page 1-124. 
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80286 INSTRUCTION SET SUMMARY (continued) 










Reat Real 
Address Address 
Function Format Mode Mode 


STRING MANIPULATION: 


MOVS = Move byte/word 1010010w 


1010110w 







CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 
INS = Input byte/wd from DX port 
OUTS = Output byte/wd to DX port 
Repeated by count in CX* 










MOVS = Move string 111110010 | 1010010w, 
| CMPS = Compare string 
SCAS = Scan string 1111001z | 1010111W 
LODS = Load string 11111010 | 1010110w| 
STOS = Store string 111110010 | 1010101w| 
INS = Input string* 111110010 | 0110110w] 
OUTS = Output string* 111110010 loii0iiiwi 
| CONTROL TRANSFER 
CALL= Call: 


Direct within segment 11101000 disp-high 
Register memory indirect 11111111 | mod010tr/m 


within segment 


Direct intersegment 10011010 8,11,12 
segment selector | 


Protected Mode Only (Direct Intersegment): 


Via call gate to same privilege level 41+m 
Via call gate to different privilege level, no parameters 82+m 
Via call gate to different privilege level, x parameters 86+4x+m 
Via TSS 177+m 
Via task gate 182+m 


Indirect intersegment 11111111 | modO0111r/m | (mod=z11) 16+m 29 +m’ 


Protected Mode Only (Indirect Intersegment): 
Via call gate to same privilege level 44+m* | 
Via call gate to different privilege level, no parameters 83 +m* 
Via call gate to different privilege level, x parameters 90+4x+m* 
Via TSS 180 +m* 
Via task gate 185+m* | 


JMP = Unconditional jump 
Shortfong 14101011 |dispow 7+m 


| Direct within segment 141101001 |displow disp-high 7+m 
Register/mem indirect within segment (EEREREREe mod 100r/m fo od 7+m,11+m* 


Direct intersegment 11101010 23 +m | 8,11,12 


segment selector 
Protected Mode Only (Indirect Intersegment): 


Via call gate to same privilege level 8,11,12 
Via TSS | 8,11,12 
Via task gate 8,11,12 


Indirect intersegment 111111147 | mod1011r/m (mod + 11) 3 2 18,9,11,12 | 







*indicates instructions not available in iAPX 86, 88 microsystems. 
See footnotes on page 1-124. 
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80286 INSTRUCTION SET SUMMARY (continued) 


|__Clock Count__|__ Comments 


Protected Protected 
Virtual Virtual | 
Address Address 


Function Format Mode Mode 


CONTROL TRANSFER (Continued): 
Protected Mode Only (Indirect Intersegment) 
Via call gate to same privilege level 








Via TSS 
Via task gate 


RET = Return from CALL: 
Within segment 

Within seg adding immed to SP 
Intersegment 


Intersegment adding immediate to SP 


Protected Mode Only (RET): 
To different privilege level 
JE/JZ = Jump on equal zero 
JL/JNGE = 
Jump on less not greater or equal 
JLE/JNG = 
Jump on less or equal not greater 
| JB/JNAE = 
Jump on below not above or equal 
JBE/JNA= 
Jump on below or equal not above 
JP/JPE = Jump on parity/parity even 
JO = Jump on overflow 
JS = Jump on sign 
| JNE/JNZ = 
Jump on not equal not zero 
JNL/JGE = 
Jump on not less greater or equal 
JNLE/JG = 
Jump on not less or equal greater 
JNB/JAE = 
| Jump on not below above or equal 
| JNBEJA= 
Jump on not below or equal above 
JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 
JNS = Jump on not sign 
LOOP =Loop CX Times 
LOOPZ/LOOPE = 
Loop while zero equal 
LOOPNZ/LOOPNE = 
Loop while not zero equal 
JCXZ = Jump on CX zero 
ENTER =Enter Procedure* 
}L=0 
L=1 
L>1 
LEAVE = Leave Procedure* 


11000011 
11000010] datalow | datahigh 


11001010 data-high 





01110100 
01111100 
01111110 


01110010 


01110000 
01111000 





oT OT] ae 


oritoiti| disp 
[disp 


101111011 : 
01110001| _disp_| 
11100010] disp 


11100000| _disp_— 
11001000 data-high 





11001001 


*Indicates instructions not available in iAPX 86, 88 microsystems. 


See footnotes on page 1-124. 
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7+mor3 


7+m or3 


7+mor3 


7+m or3 


7+mor3 
7+m or3 
7+mor3 


7+mor3 | 


7+m or3 
7+m or3 
7+mor3 
7+mor3 


7+mor3 
7+mor3 
7+mor3 
7+mor3 
8+m or 4 


8+m or 4 


8+m or 4 
8+m or 4 
t 

11 

15 
16—4(L-1) 
5 


55+m 
7+m or3 


7+mor3 
7+mor3 
7+mor3 


7+m or3 
7+m or 3 
7+mor3 
7+m or3 


7+m or3 
7+m or3 
7+mor3 
7+mor3 


7+m or 3 
7+m or3 
7+m or 3 
7+mor3 
8+m or 4 


8+m or 4 


8+m or 4 
8+m or 4 


11 
15 
16—4(L-1) 
5 
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80286 INSTRUCTION SET SUMMARY (continued) 


Function 
CONTROL TRANSFER (Continued): 


| INT = Interrupt: 

Type specified fisootror] type 
Type 3 

INTO = Interrupt on overflow [11001110 | 


Protected Mode Only: 
Via interrupt or trap gate to same privilege level 


Via interrupt or trap gate to fit different privilege level 


Via Task Gate 
11001111 | 


IRET = Interrupt return 


Protected Mode Only: 
To different privilege level 


To different task (NT = 1) 


BOUND = Detect value out of range* | 01100010 [mod reg rm 


| PROCESSOR CONTROL 
CLC = Clear carry 
CMC = Complement carry 
STC =Set carry 
CLD = Clear direction 
| STD = Set direction 
| CLI = Clear interrupt 
STI = Set interrupt 
HLT = Halt 
WAIT = Wait 


LOCK = Bus lock prefix 11110000 


CTS = Clear task switched flag 00001111} 00000110 


| ESC = Processor Extension Escape 10011TTT| modLLLrim | 


(TTT LL are opcode to processor extension) 


O001regil0O 


11111000 
11110101 


SEG = Segment override prefix 


*Indicates instructions not available in iAPX 86, 88 microsystems. 
See footnotes on page 1-124. 
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|___ Clock Count__|_ Comments 


Protected 
Virtual 
Address 


Mode 


23+m 
23+m 
24—mor3 
(3 if no) | 
(Interrupt) 


8,11,12 
8,11,12 
8,11,12 
8,9,11, 

12,15 


8,9,11, 
12,15 
8,9,11,12 


wm oO WM NY WB NY NY ND ND NY 
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80286 INSTRUCTION SET SUMMARY (continued) 
[Clock Count_| Comments 


Real 
Address | Address Address 
Function Format Mode 


PROTECTION CONTROL: 
LGDT = 
Load global descriptor table register* 00001111) 0000001 | mod010r/m 
SGDT= | 
Store global descriptor table register* | 00001111) 0000001 | mod000r/m 
LIDT= 
Load interrupt descriptor table register*| 00001111{ 0000001 | mod011t/m 
SIDT= | 
Store interrupt descriptor table register*} 00001111] 0000001 | mod001tr/m 
LLDT= 
Load local descriptor table register 
from table memory* 00001111} 0000000 | mod010r/m 
SLDT= 
Store local descriptor table register 
to register/memory* 00001111) 0000000 | mod000r/m 
LTR= 
Load task register 00001111} 0000000 | mod0111r/m| 
from register/memory* 
STR= 
Store task register to register memory* | 00001111]/ 0000000 | mod001t/m 
| LMSW = 
Load machine status word from | 
register/memory* 00001111) 0000001 | mod110r/m 
SMSW = | 
Store machine status word* 00001111] 0000001 | mod100r/m 
LAR = 


Load access rights from 
register/memory* 00001111] 0000010 mod reg r/m 


LSL= 
Load segment limit from 
register/memory* 00001111); 0000011 mod reg r/m 


ARPL= 
Adjust requested privilege level 
from register/memory* 01100011] modregr/m 


VERR= 
Verify read access: register/memory* 00001111); 0000000 | mod100r/m 


VERR= 
Verify write access*: 00001111} 0000000 | mod101r/m 





*Indicates instructions not available in iAPX 86, 88 microsystems. 
See footnotes on page 1-124. 
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Footnotes 


The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 


if mod = 11 then r/m is treated as a REG field 


if mod =00 then DISP =0", disp-low and disp-high are 
absent 


if mod=01 then DISP =disp-low sign-extended to 16 
bits, disp-high is absent 


if mod = 10 then DISP = disp-high: disp-low 
if r/m= 000 then EA=(BX) +(SI) + DISP 

if r/m=001 then EA = (BX) +(Dl) +DISP 

if r/m=010 then EA =(BP) +(Sl) +DISP 

if r/m =011 then EA =(BP) + (Dl) + DISP 

if r/m= 100 then EA =(SI) + DISP 

if r/m= 101 then EA=(DI) +DISP 

if m= 110 then EA =(BP) + DISP* 

if r/m= 111 then EA = (BX) +DISP 


DISP follows 2nd byte of instruction (before data if 
required). 


“Except if mod=00 and r/m=110 then EA=disp-high: 
disp-low. 


SEGMENT OVERRIDE PREFIX 


0011eg 110 


REG is assigned according to the following: 


Segment 

REG Register 
00 ES 
01 CS 
10 Ss 
11 DS 


REG is assigned according to the following table: 


16-Bit (w= 1) 8-Bit (w=0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 Sl 110 DH 
111 DI 111 BH 


The physical addresses of all operands addressed by 


the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the Di register) are computed using the ES 
segment, which may not be overridden. 
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80C286 


High-Speed CMOS 80286 Microprocessor 


DISTINCTIVE CHARACTERISTICS 
@ Ultra high-performance processor 

—Over 20 times the performance of the 8086 
™ Wide range of clock rates 


—20 MHz (80C286-20) 
—16 MHz (80C286-16) 
—12.5 MHz (80C286-12) 


# 100% functionally and pin compatible with 
NMOS 286 


GENERAL DESCRIPTION 

The AMD 80C286 is a high-speed implementation of the 
industry standard 80286 microprocessor. It is 100% 
functionally compatible with the NMOS version and is 
a plug compatible replacement. AMD’s high-speed 
CMOS process allows clock speeds much higher than 
those attainable with NMOS. The 80C286 operates at 
clock speeds up to 20 MHz. 


This CMOS design is a static implementation which al- 
lows the processor to be clocked down to DC and still 


BLOCK DIAGRAM 


Segment 
Bases 

Segment 
Sizes 


Segment 
Limit 
Checker 


rapnaiaetcite Instruction 
Ce OU 


INTR ERROR 


Publication #11625 Rev.B Amendment /0 
Issue Date: December 1991 





cl 


Advanced 
Micro 
Devices 


™ Static CMOS design for low power operation 


—Standby mode Icc=5 mA maximum 
—Operating mode Icc 

220 mA max at 12.5 MHz 

260 mA max at 16 MHz 

310 mA max at 20 MHz 


68-lead PLCC package 


retain full register status. This is useful for designs 
where power consumption is a consideration as the 
80C286 uses only 5 mA of supply current when in 
standby mode. The 80C 286 also retains full functionality 
from its maximum clock frequency through very low fre- 
quencies down to DC. Since power consumption is pro- 
portional to clock speed, the 80C286 may be clocked at 
a slower rate to draw less current. 


Processor [2 1 


Extension 
Interface 


$1, $0, 


COD/INTA 
LOCK, HLDA 


6-Byte 


Prefetch 
Queue 


RESET 


’ CLK 
nstruction 
Unit (IU) Vss 


Vee 


09729B-00 1 
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CONNECTION DIAGRAM 


As viewed from top of 
package (PC side of 


component board). 





68-Pin PLCC 








18 19 20 21 


cc 


O 
ii z 


i” 
9 of 
= Zina 








D15 
D7 
Di4 
D6 
D13 
D5 
Di2 
D4 
D11 


D1i0 


LILI LILI LILI LI LJ LU LJ TF LS LI 
ONr ODAnonw+t N= O 
Note: Pin 1 is marked for orientation. Cae SS SS SA aos 
PIN DESIGNATIONS (sorted by pin number) 
Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name 
1 BHE 24 A7 47 D1i3 
2 NC 25 AG 48 D6 
3 NC 26 AS 49 D14 
4 ST 27 A4 50 D7 
5 SO 28 A3 51 D15 
6 PEACK 29 RESET 52 NC 
7 A23 30 Veo 53 ERROR 
8 A22 31 CLK 54 BUSY 
9 Ves 32 A2 55 NC 
10 A21 33 Al 56 NC 
11 A20 34 AO 57 INTR 
12 A19 35 Ves 58 NC 
13 A18 36 Do 59 NMI 
14 A17 37 D8 60 Veg 
15 A16 38 D1 61 PEREQ 
16 A15 39 D9 62 V 
17 A14 40 D2 63 READY 
18 A13 41 D10 64 HOLD 
19 A12 42 D3 65 HLDA 
20 Al 43 D11 66 COD/INTA 
21 A10 44 D4 67 M/IO 
22 AQ 45 D12 68 LOCK 
23 A8 46 D5 
1-126 80C286 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


N 80286 -12 


ieee SPEED OPTION 
-12 = 12.5 MHz 
—16 = 16 MHz 
-—20 = 20 MHz 
DEVICE NAME/DESCRIPTION 
800286 
High-Speed CMOS 80286 Microprocessor 
PACKAGE TYPE 


N = 68-Lead Plastic Leaded Chip Carrier (PLO68) 


TEMPERATURE RANGE 
Blank = Commercial (T, = 0°C to +100°C) 


Valid Combinations | 


80C286-20 
80C286-16 
80C286-12 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 

A23—A0 

Address Bus (Outputs; Active High) 

Address Bus outputs physical memory and I/O port 
addresses. AO is Low when data is to be transferred 
on pins D7—D0. A23—A16 are Low during I/O transfers. 
The address bus is active High and floats to three-state 
Off during bus hold acknowledge. 


BHE 

Bus High Enable (Output; Active Low) 

Bus High Enable indicates transfer of data on the upper 
byte of the data bus D15—D8. Eight-bit oriented devices 
assigned to the upper byte of the data bus would nor- 
mally use BHE to condition chip select functions. BHE is 
active Low and floats to three-state Off during bus hold 
acknowledge. 


BHE and Ao Encodings 





BHE AO 
Value Value Function 
0 0 Word transfer 
0 1 Byte transfer on upper half of data bus 
(D15—D8) 
1 0 Byte transfer on lower half of data bus 
(D7—DO 
1 1 Reserved 
BUSY, ERROR 


Processor Extension Busy and Error 

(Inputs; Active Low) 

Processor Extension Busy and Error indicate the oper- 
ating condition of a processor extension to the 80C286. 
An active BUSY input stops 80C286 program execution 
on WAIT and some ESC instructions until BUSY be- 
comes inactive (High). The 80C286 may be interrupted 
while waiting for BUSY to become inactive. An active 
ERROR input causes the 80C286 to perform a proces- 
sor extension interrupt when executing WAIT or some 
ESC instructions. These inputs are active Low and may 
be asynchronous to the system Clock. 


CLK 

System Clock (Input; Active High) 

System Clock provides the fundamental timing for 
80C286 systems. It is divided by two inside the 80C286 
to generate the processor clock. The internal divide-by- 
two circuitry can be synchronized to an external clock 
generator by Low-to-High transition on the RESET 
input. 


COD/INTA 

Code/interrupt Acknowledge (Output) 
Code/interrupt Acknowledge distinguishes instruction 
fetch cycles from-memory data read cycles. It also 
distinguishes interrupt acknowledge cycles from 1/O 
cycles. COD/INTA is pulled up internally during bus 
hold. 











D15—D0 

Data Bus (Inputs/Outputs; Active High) 

Data Bus inputs data during memory, I/O, and interrupt 
acknowledge read cycles; outputs data during memory 
and I/O write cycles. The data bus is active High and 
floats to three-state Off during bus hold acknowledge. 


HOLD, HLDA 

Bus Hoid Request and Hold Acknowledge 
(Input/Output; Active High) 

Bus Hold Request and Hold Acknowledge control own- 
ership of the 80C286 local bus. The HOLD input allows 
another local bus master to request control of the local 
bus. When control is granted, the 80C286 will float its 
bus drivers to three-state Off and then active HLDA, 
thus entering the bus hold acknowledge condition. The 
local bus will remain granted to the requesting master 
until HOLD becomes inactive, which results in the 
80C286 deactivating HLDA and regaining control of the 
local buys. This terminates the bus hold acknowledge 
condition. HOLD may be asynchronous to the system 
clock. These signals are active High. 


INTR 

Interrupt Request (Input; Active High) 

Interrupt Request requests the 80C286 to suspend its 
current program execution and service a pending exter- 
nal request. Interrupt requests are masked whenever 
the interrupt enable bit in the flag word is cleared. When 
the 80C286 responds to an interrupt request, it performs 
two interrupt acknowledge bus cycles to read an 8-bit 
interrupt vector that identifies the source of the interrupt. 
To assure program interruption, INTR must remain 
active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each 
processor cycle and must be active High at least two 
processor cycles before the current instruction ends in 
order to interrupt before the next instruction. INTR is 
level sensitive, active High, and may be asynchronous 
to the system clock. 


LOCK 

Bus Lock (Output; Active Low) 

Bus Lock indicates that other system bus masters are 
not to gain control of the system bus following the cur- 
rent bus cycle. The LOCK signal may be activated ex- 
plicitly by the LOCK instruction prefix or automatically by 
80C286 hardware during memory XCHG instructions, 
interrupt acknowledge, or descriptor table access. 
LOCK is active Low and floats to three-state Off during 
hold acknowledge. 

M/i0 

Memory/lO Select (Output) 

Memory/lO Select distinguishes memory access from 


I/O access. If High during Ts, a memory cycle or a halt/ 
shutdown cycle is in progress. If Low, an I/O cycle or an 
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interrupt acknowledge cycle is in progress. M/IO is 
pulled up internally during bus hold. 


NC 
No Connect 


No Connect pins should always remain unconnected. 


NMI 

Non-maskable interrupt Request 

(Input; Active High) 

Non-maskable Interrupt Request interrupts the 80C286 
with an internally supplied vector value of 2. No interrupt 
acknowledge cycles are performed. The interrupt 
enable bit in the 80C286 flag word does not affect 
this input. The NMI input is active High, may be asyn- 
chronous to the system clock, and is edge-triggered 
after internal synchronization. For proper recognition, 
the input must have been previously Low for at least 
four system clock cycles and remain High for at 
least four system clock cycles. 


PEREQ, PEACK 

Processor Extension Operand Request 

(Input; Active High) 

Processor Extension Acknowledge 

(Output; Active Low) 

Processor Extension Operand Request and Acknowl- 
edge extends the memory management and protection 
capabilities of the 80C286 to processor extensions. The 
PEREQ input requests the 80C286 to perform a data 
operand transfer for a processor extension. The PEACK 
output signals the processor extension when the re- 
quested operand is being transferred. PEREQ is active 
High and may be asynchronous to the system clock. 
PEACK is active Low. 


READY 

Bus Ready (Input; Active Low) 

Bus Ready terminates a bus cycle. Bus cycles are ex- 
tended without limit until terminated by READY Low. Bus 
Ready requires that set-up and hold times relative to the 
system clock be met for correct operation. READY is 
ignored during bus hold acknowledge. 


RESET 

System Reset (Input; Active High) 

System Reset clears the internal logic of the 80C286 
and is active High. The 80C286 may be reinitialized at 
any time with a Low-to-High transition on RESET which 
remains active for more than 16 system clock cycles. 
During RESET active, the output pins of the 80C286 
enter the state shown below: 


80C286 Pin State during Reset 














Pin Value Pin Names 
1 (High) SO, S1, PEACK, A23-Ao, BHE, LOCK 
0 (Low) M/IO, COD/INTA, HLDA 


Three-state Off D15—D0 


80C286 


Operation of the 80C286 begins after a High-to-Low 
transition on RESET. The High-to-Low transition of 
RESET must be synchronous to the system clock. Ap- 
proximately 50-system clock cycles are required by the 
80C286 for internal initializations before the first bus 
cycle to fetch code from the power-on execution ad- 
dress is performed. 


A Low-to-High transition of RESET synchronous to the 
system clock will begin a new processor cycle at the 
next High-to-Low transition of the system clock. The 
Low-to-High transition of RESET may be asynchronous 
to the system clock; however, in this case it cannot be 
predetermined which phase of the processor clock will 
occur during the next system period. Synchronous Low- 
to-High transitions of RESET are only required for sys- 
tems where the processor clock must be phase- 
synchronous to another clock. 


$1, SO 

Bus Cycle Status (Outputs; Active Low) 

Bus Cycle Status indicates initiation of a bus cycle and, 
along with M/IO and COD/INTA, defines the type of bus 
cycle. Tt he bus is ina Ts state whenever one or both are 
Low. S1 and SO are active Low and are pulled up inter- 
nally during bus hold. 


80C286 Bus Cycle Status Definition 


COD/ 
INTA W/O 


0 (Low) 


2 
g| 


Bus cycle initiated 


Interrupt acknowledge 

Reserved 

Reserved 

None; not a status cycle 

If A, =1 then halt; else 
shutdown 

Memory data read 

Memory data write 

None; not a status cycle 

Reserved 

V/O Read 

V/O Write 

None; not a status cycle 

Reserved 

Memory instruction read 

Reserved 

None; not a status cycle 


o-O +O 


(High) 


ak wd ok ot et oh et es OO OO oo7°cno 
~=-O00-=+ 00+ = 0 0-00 


—~-rt A OOOO =~ oo — 
“~OoOo--7AOoOo-"0 "0 -0-— 


Vss 
System Ground (Input) 


System ground: 0 V. 


Vec 
System Power (Input) 
System power: +5-V power supply. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ............0 0c cee eee eee +8.0V 
Input, Output or 1/O 

Voltage Applied GND ...... —1.0 V to Voo+1.0 V 
Power Dissipation/Speed 
20 MIAZ 2k arate nie ee ee PaaS 1.7W 
VOMAZ Betti eal tnerid- anu ett See 1.4W 
129 MAIZ 24a Sy cect ah ee Lat ee ee es 1.2W 
Storage Temperature Range . —65°C to +150°C 
Junction Temperature .................. +165°C 
Lead Temperature 

(Soldering, Ten Seconds) ............. +275°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Function- 
ality at or above these limits is not implied. Exposure to abso- 
lute maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range 


OPERATING RANGES 


Operating Voltage Range......... +4.5V 10 +5.5V 
80C286-20 Only ............. +4.75V to +5.25 V 
Operating Temperature 

Range............ 0 to +100°C case temperature 


(Meets laptop temperature requirements.) 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Vec = +5 V+ 10% for 80C 286-12 and 80C 286-16; Vcc = +5 V +5% for 80C286-20, Tc =0°C to +100°C 


Parameter] Parameter 


Symbol | Description | 
vu 
Vin___|InputHigh Voltage 
Vuc____|CLK inputLow Voltage 
Vo._____—*|OutputLow Voltage 





i Input Leakage Current 












Ish Input Sustaining Current on | 
| BUSY and ERROR Pins 


IBHL | Input Sustaining Current High Vin= 1.0V 7 
IBHH Input Sustaining Current High | Vin=3.0V (see Note 2) 


lo Output Leakage Current | Vo=GND or Voc 


| Pins 1, 7-8, 10-28, 32-34 
80C286-12 (see Note 4) 
80C286-16 (see Note 4) 
| 80C286-20 


Iccss | Standby Power Suppl Current 


Active Power Supply Current 






Notes: 


Ono — 


unloaded. 


BN 


0.4V, V., =5.5 V, outputs unloaded. 


Test Conditions 


loH=—100 mA 

| Vin = GND or Vec 
Pins 29, 31, 57, 59, 

| 61, 63-64 


Vin = GND (see Note 


Unit 


— 
0 


Voc +0.5 | 


ae) 
© 


oh, 
o 


Ww 
o 


M 
. Voc +0.5 : | 


in 


oe) 
(o) 


As 
© 
— 
© 






| Vec-0.4 | 


= 
BAN 
Bl< <|[<|<|<|<|< 





) | -500 | 


a 
oO 
5 oa 
> 5 





ViseeNotet) | 98 | 200 | mA 
ell Bal Kae 

220 | mA 
EEE 

see Note 4) | 310 | mA 
ee Meee eee 2B", 


. laa. Should be measured after lowering V,, to GND and then raising to 1.0 V on the following pins: 36-51, 66, 67. 
- leu Should be measured after raising V,, to V., and then lowering to 3.0 V on the following pins: 4-6, 36-51, 66-68. 
. lecsg tested with the clock stopped in phase two of the processor clock cycle. V,, = V., or GND,V,, = 5.5 V, outputs 


- lccop Measured at 12.5 MHz for the 80C286-12, 16 MHz for the 80C286-16, and 20 MHz for the 80C286-20. V,, =2.4 Vor 


5. |g, should be measured after raising V,, to Vo, and then lowering to GND on pins 53 and 54. 
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CAPACITANCE (Ta=+25°C; All Measurements Referenced to Device GND) 


Parameter Parameter | 

Symbol Description | Typ | Test Conditions 
Cetk CLK Input Capacitance / 40) | opr FREQ =1 MHz 
Cin Other Input Capacitance | 10 | pF | 


Cvo /O Capacitance | 100 | pF 


SWITCHING CHARACTERISTICS over operating range 

Vec = +5 V+ 10% for 80C286-12 and 80C286-16; Vcc = +5 V+5% for 80C286-20, Tc =0°C to +100°C 

AC Timings are referenced to 0.8 V and 2.0 V points of the signals as illustrated in datasheet waveforms, for 12.5 and 
16 MHz, unless otherwise specified. For 20 MHz, AC timings are referenced to the 1.5 V point of the signals as 
illustrated in Data Sheet waveforms, unless otherwise specified. 


Parameter Test (12.5MHz | 16MHz | 20MHz 
Symbol| Description | Conditions| Min | Max | Min | Max | Min | Max | Units 


Timing Requirements ee ee ee ee ee ee 


1__|SystemClock (CLK)Period | so | - «| oot | - | 25 | - | os 
2___| System Clock (CLK)LowTime |@tov =o [ 14 | - | 7 | - | 6 | - | ns 
3 | System Clock (CLK) High Time |@aev [1a | - | 1] -| 9 | - [as 
17___| System Clock (CLK) RISETime | 1.0Vto36V | - [| 8 {| - | 5 | - {| 4 | ns 
18 | System Clock (CLK) FALL Time |a6Viorov [| - |e | -| 5 | -| 4 | 1s 
4 __| Asynchronous Inputs SETUP Time | (Note1) sss | 15 [| - | 5 | - | 4 | - | ns 
5 | Asynchronous Inputs HOLD Time [ (ote) [1s | - | s | -| «| - | as 
6 |RESETSETUPTime  —s| Ss CCiE TST - | lt | - | 10 | - | ns 
7_[RESETHOLDTime | _{o | - | 0] -|o] -| rs 
@ | ReadDataseTuPTme [| s | - | s| -| 3] -| 1s 
9 _|ReadDataHOLDTime = =| Ss CT 4 | = | U8] | 2 | Ks 
11 | READVHOLDTime _—+| fa | - | 5] -| 3] -|-s 
20 [npwASEFALL Times ___[oavwaov |- | 8 | -|6]-| 6] 7 


Timing Responses aE (A as ee 





(2k | Status PEROK Acive Delay |, Wows DP a | a | 7 | we] 1 | | 
128 | Status/PEACK inactive Delay | 1, (Notes3.6) | 1 | 24 | 1 | 20] 1 | 16 | ns 
14__| Write Data Valid Delay | 1, (Notes 2,3) | 0 | 31 | 0 | 28 | 0 | 27 | ns 
15 ___| Address/Status/Data Float Delay | 2,(Note5) = | Oo | 32 | Oo | 29 | oO | 25 | ns 
19 [ AdtossVald-Ststes SETUP Tino | 1, Notes.) [22 | - | 6] - |e] - [ss 





Notes: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing 
purposes to assure recognition at a specific CLK edge. 


. Delay from 1.0 V on the CLK to 0.8 V or 2.0V. 
. Output load: C, = 100 pF. 


. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 0.8 V or status going 
inactive reaching 2.0 V. 


. Delay from 1.0 V on the CLK to Float (no current drive) condition. 
. Delay from 1.0 V on the CLK to 0.8 V for Min (HOLD time) and to 2.0 V for Max (inactive delay). 
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Switching Test Conditions 






Test Condition 


IL (Constant Current Source 
| 2.0mAl 


—6 mA (V,, to Float) 
8 mA (Vo, to Float) 



















4.0V ey 
CLK Input 
0.45 V 
2 4 V tserup thot 
Other 2.0V | 2.0V 
Device 
Input 0.8V |08V 


12.5 MHz and 16 MHz AC Setup, Hold and Delay Time Measurement 


4.0V 
CLK Input 





3.6V 


0.45 V 


Device 
Output 


20 MHz AC Setup, Hold and Delay Time Measurement 


09729B-035 


09729B-036 
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SWITCHING WAVEFORMS 


Major Cycle Timing 


Read Cycle illustrated Write Cycle illustrated 
with zero wait states with one wait state 


Bus Cycle Type qi Ts Te 
CH ® 


0) 

CLK Ver 

cae: 
SB 
S1 

ee ie 7 
© 

MO Se co eK | valid Te 
am det Tot TT 
BHE s ; e cre s * ra e eos Z re s y— 


LOCK 


F 
HE 





Valid if Ts 


_| +e 


SRDY + 
E 


ARDY + 
ARDYEN 


PCLK 


ALE 


CMDLY 


DT/R 


DEN 


09729B-037 


Note: The modified timing is due to the CMDLY signal being active. 
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SWITCHING WAVEFORMS (continued) 
80C286 se alae Input i Timing 


Bus Cycle Type Tx 
cH 
CLK 
Ve 
PCLK 
(See Note 1) 





INTR, NMI, 


I ar ae . Yor a a oat 
? e s y ¢ N bi j Si RS F Ry s 
s Fw Roa a 
HOLD, PEREQ ee p RS Fe ss 
4 < 
A \ | } . 
. vo og 
* iy : $ ry ay ” 
Ry f vw wt 


ERROR, BUSY 
09729B-038 


(See Note 2) 
Notes: 1. PCLK indicates which processor cycle phase will occur 
on the next CLK. PCLK may not indicate the correct 





80C286 Reset Input Timing and Subsequent 
Processor Cycle Phase 


CLK 


Reset 


CLK 


Reset 





phase until the first bus cycle is performed. Note: When Reset meets the set-up time shown, the next CLK 
2. These inputs are asynchronous. The setup and hold will start or repeat $1 of a processor cycle 
times shown assure recognition for testing purposes. ; 
Exiting and Entering Hold 
Bus Cycle T, T,or T, T, 
Type 
CLK 
HLDA 
Si-So (See ba) 3) fo (See Note 3) 
B PEACK _______ 
oO 
3 
7 BHE, LOCK 
A23-A0 , M/IO, _ (See Note 4) _ 
COD/INTA 
D15-D0 ————-<——=-— = - S - - 
PCLK 


shown. 





09729B-040 


: 1. These signals may not be driven by the 80C286 during the time shown. The worst case in terms of latest float time is 


2. The data bus will be driven as shown if the last cycle before T, in the diagram was a write Tc. 
3. The 80C286 puts its status pins in a high impedance logic one state during Tn. 


4. BHE and COCK are driven at this time but will not become valid until Ts. 


5. The data bus will remain in three-state Off if a read cycle is performed. 
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SWITCHING WAVEFORMS (continued) 


80C286 PEREQ/PEACK Timing Required PEREQ Timing for One Transfer Only 
Bus Cycle 


Type Vin de o's ge lawl? oe o's ge o: Te ge o: Is 


Ver VO Read if proc. ext. to memory 


Memory Write if proc. ext. to memo 
Memory Read if memory to proc. ext. / : : ” 


I/O Write if memory to proc. ext. 


Memory address if proc. ext. to memory transfer I/O port 
address OOFA(H) if memory to proc. ext. transfer 


VO port address OOFA(H) if proc. ext. to memory transfer 
Memory address if memory to proc. ext. transfer 








(5) 


See Note 2 ® 


PEREQ EL A ac: i I | RCC ICSE AIS SMCS SSE SABIE PS IN ISS ECR RCC RU SS SO 
09729B-041 
Notes: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first 
bus operation will be either a memory read at operand address or I/O read at port address OOFA(H). 
2. To prevent a second processor extension data operand transfer, the worst case maximum time (shown above) is: 
3x 1-—12a max —4 min. The actual, configuration dependent, maximum time is: 3 x 1-12a max—4 min+Ax2x 1. 


A is the number of extra Tc states added to either the first or second bus operation of the processor extension data 
operand transfer sequence. 
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Bus Cycle 
Type 


initial 80C286 Pin State During Reset 


qT, 


ge | og $2 


CH 


RESET 


At least 


T. T. 
| g2 ory” g2 oi ge o1 | ] 
CLK y ) | 
i | } | 
| ‘(See Note 2) —a({S 
| {OF | See Note 1 | | @ 
7 4 ae ; 





PEACK UNKNOWN. | ae ane 


©) 
A23—A0 — , 
BHE | UNKNOWN ee ee ae 


COD/ UNKNOWN Re ee ee 


[OCK UNKNOWN |G 


@® (See Note 3) 









Np, tty, hy, "ty, ty, hy, My, Nt, “8ty Pay My, 

(PR PO PO PR 

OO A A A A 4, 
oe hh hh hk th th Ot Ot 
at 


ley, ty, Ye yt, My 
un %, ny %, "tay ny in “lay cn on cn ey 

Pik, Cc os i og Os OR Os OR Oo 
FW 


SOS (i a PO OR PO OP PP? 
7am? (i Ps PO PR PRR PR PR 
hy Ne {a i i i, 
PACIIA TI “CRA CHA UGA CREA OLA CREA CGA CS ORREA 
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a i I OS ) 

i a 
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ee at ww 


{? a, ib ‘4; 

4; {? 4 

“tay Mtg ny, ft lee, 
Fy ww tO S " ‘Sy “ “ 

< a wot 







lf hold is NOT active (see Note 4). 






HLDA UNKNOWN 






09729B-042 


Notes: 1. Set-up time for RESET T may be violated with the consideration that 1 of the processor clock may begin one system CLK 
period later. 
2. Set-up and hold times for RESET | must be met for proper operation, but RESET | may occur during $1 or 2. 
3. The data bus is only guaranteed to be in three-state Off at the time shown. 
4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains active while 
RESET goes inactive, the 80C286 remains in HOLD state and will not perform any bus accesses until HOLD is deactivated. 
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80L286 


Low-Power High-Performance Microprocessor 
with Memory Management and Protection 


DISTINCTIVE CHARACTERISTICS 
™ High-performance processor (up to 13.3 times 
iAPX 86 when using the 16-MHz 80L286) 


= Identical to the 80286 except consumes less 
power 


™ Available in cost-effective Plastic Leaded Chip 
Carrier (PLCC) package 


™ Socketed PLCC footprint is compatible with 
socketed LCC and PGA footprints 


GENERAL DESCRIPTION 


The 80L286 is an advanced, high performance micropro- 
cessor, identical to the 80286, except consumes less 
power. Its reduced power enables the 80L286 to be 
packaged in low-cost, Plastic Leaded Chip Carrier 
(PLCC) without a heat sink or heat spreader. Cooler 
operation also enhances reliability. The PLCC package 
can be surface-mounted or socketed. The footprint of the 
socketed PLCC package is identical to the socketed LCC 
or PGA packages so no board layout change is needed. 
The 80L286 is available in 8-, 10-, 12-, and 16-MHz 
speeds and is fully compatible with the 82C288 Bus Con- 
troller and the 82284 Clock Driver functions. 


BLOCK DIAGRAM 





Segment 
Sizes 





“Kz 


INTR ERROR 


Publication # 08511 Rev. E Amendment /0 


Issue Date: December 1991 


Advanced 
Micro 
Devices 


@ Surface-mountable PLCC for high density 
board utilization 


8-, 10-, and 12.5- and16-MHz operation 


™ Large address space 
— 16-Mb physical 
— 1-Gb virtual memory per task 
= Integrated memory management, four-level 


memory protection and support for virtual 
memory and operating systems 


The 80L286 is upward compatible with iAPX 86 and 88 
software. Using iAPX real address mode, the 80L286 is 
object code compatible with existing iAPX 86, 88 soft- 
ware. In protected virtual address mode, the 80L286 is 
source code compatible with iAPX 86, 88 software and 
may require upgrading to use virtual addresses sup- 
ported by the 80L286’s integrated memory management 
and protection mechanism. Both modes operate at full 
80L286 performance and execute a superset of the iAPX 
86 and 88 instructions. 


Processor 
Extension 
Interface 





PEREQ 
READY, HOLD 


$1, S0, COD/INTA 
LOCK, HLDA 




















6-Byte 
Prefetch 
Queue 
























RESET 
eed Instruction aah 
Decoder Instruction Vv 
Queue Unit (IU) “¢ 
cc 
BD003960 
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GENERAL DESCRIPTION (continued) 


The 80L286 provides special operations to support the 
efficient implementation and execution of operating 
systems. For example, one instruction can end exe- 
cution of one task, save its state, switch to a new task, 


load its state, and start execution of the new task. The 
80L286 also supports virtual memory systems by provid- 
ing a segment-not-present exception and restartable 
instructions. 





CONNECTION DIAGRAM 
Top View 
Plastic Leaded Chip Carrier 
(PL 068) 
E 9 
<a tw 
BS858h sbgzofe BE s 
ene: mam UE 
BHE|_| |} D15 
NC L_| |] D7 
Nc [__ r] 014 
Si |} De 
3 LJ | | 013 
PEACK [| | ] D5 
A23 {| r ] D12 
A22 |_| |_| D4 
Vss L_] |_| 11 
A2i [1 |_J D3 
A20 [1 |_} D10 
A19 [} | | D2 
A18 |_| .] D9 
A17 [| | | O1 
Ai6 [| |_| D8 
A15 [_| |_} DO 
A14 |} Ves 
UW ULL 
One OO QD ~ ow tM & xN = © 
Seeger eet CFF PAeze 
cr 
CD010641 
As viewed from top of package (PC side of component board) 
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ORDERING INFORMATION 
Standard Products 





AMD cl 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of the elements below. 





Valid Combinations 


80L286-16 
80L286-12 
80L286-10 
80L286-8 








CLS SE a CTT TT TT a a a A nS SSS SSS SP Os SS RS Sista 


80L 286 


SPEED OPTION 


—-16 = 16 MHz 
—12 = 12.5 MHz 
-10 = 10MHz 
-8 = 8MHz 


DEVICE NUMBER/DESCRIPTION 
80L286 


Low-Power, High-Performance Microprocessor 


with Memory Management and Protection 


PACKAGE TYPE 


N = 68-Pin Plastic Leaded Chip Carrier (PLO68) 


TEMPERATURE RANGE 
Blank = Commercial (To,s¢=O0°C to +85°C) 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD's standard military grade products. 
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PIN DESCRIPTION 


CLK 
System Clock (Input; Active High) 


System Clock provides the fundamental timing for 
80L286 systems. It is a 16 MHz signal divided by two 
inside the 80L286 to generate the 8 MHz processor 
clock. The internal divide-by-two circuitry can be syn- 
chronized to an external clock generator by a Low- 
to-High transition on the RESET input. 


DO-—D15 
Data Bus (Input/Output; Active High) 


Data Bus inputs data during memory, I/O, and interrupt 
acknowledge read cycles; outputs data during memory 
and I/O write cycles. The data bus is active High and 
floats to three-state OFF during bus hold acknowledge. 


A23—A0 

Address Bus (Output; Active High) 

Address Bus outputs physical memory and I/O port ad- 
dresses. AO is Low when data is to be transferred on pins 
D7-D0. A23-A16 are Low during I/O transfers. The 
address bus is active High and floats to three-state OFF 
during bus hold acknowledge. 


BHE 

Bus High Enable (Output; Active Low) 

Bus High Enable indicates transfer of data on the upper 
byte of the data bus D15-D8. Eight-bit oriented devices 
assigned to the upper byte of the data bus would 
normally use BHE to condition chip select functions. BHE 
is active Low and floats to three-state OFF during bus 
hold acknowledge. 


BHE and A, Encodings 


BHE AO 
Value Value Function 
0 0 Word transfer 
0 1 Byte transfer on upper half of data bus 
(D15—D8) 
1 0 Byte transfer on lower half of data bus 
(D7—DO) 
1 1 Reserved 
$1, SO 


Bus Cycle Status (Output; Active Low) 

Bus Cycle Status indicates initiation of a bus cycle and, 
along with M/IO and COD/INTA, defines the type of bus 
cycle. The bus is in a Ts state whenever one or both are 
Low. S1 and SO are active Low and float to three-state 
OFF during bus hold acknowledge. 
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80L286 Bus Cycle Status Definition 


COD/ eee, 

INTA MA 1 SO Buscycle initiated 
O(Low) OO O- 0 Interrupt acknowledge 
0 0 0 1 Reserved 

0 0 1 0 Reserved 

0 Oo. 61 1. None; not a status cycle 
0 1 0 OO. IF A1=1 then halt; else shutdown 
0 1 0 1 Memory data read 

0 1 1 0 Memory data write 

0 1 1 1. None; not a status cycle 
1(High) O OO O Reserved 

1 0 0 1 W/ORead 

1 0 1 0 VOWTrite 

1 0 1 1 None; not a status cycle 
1 1 0 0 Reserved 

1 1 0 1 Memory instruction read 
1 1 1 0 Reserved 

1 1 1 1 None; not a status cycle 
M/IO 

Memory/IO Select (Output) 


Memory/IO Select distinguishes memory access from 
I/O access. If High during Ts, a memory cycle or a halt/ 
shutdown cycle is in progress. If Low, an {/O cycle or an 
interrupt acknowledge cycle is in progress M/IO floats to 
three-state OFF during bus hold acknowledge. 


COD/INTA 

Code/Interrupt Acknowledge (Output) 
Code/Interrupt Acknowledge distinguishes instruction 
fetch cycles from memory data read cycles. Also distin- 
guishes interrupt acknowledge cycles from 1/O cycles. 
COD/INTA floats to three-state OFF during bus hold 
acknowledge. 


LOCK 
Bus Lock (Output; Active Low) 


Bus Lock indicates that other system bus masters are not 
to gain control of the system bus following the current 
bus cycle. The LOCK signal may be activated explicitly 
by the “LOCK” instruction prefix or automatically by 
80286 hardware during memory XCHG instructions, in- 
terrupt acknowledge, or descriptor table access. LOCK 
is active Low and floats to three-state OFF during hold 
acknowledge. 
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PIN DESCRIPTION (continued) 


READY 
Bus Ready (Input; Active Low) 


Bus Ready terminates a bus cycle. Bus cycles are ex- 
tended without limit until terminated by READY Low. 
READY is an active Low synchronous input requiring 
setup and hold times relative to the system clock be met 
for correct operation. READY is ignored during bus hold 
acknowledge. 


HOLD, HLDA 

Bus Hold Request and Hold Acknowledge 
(Input/Output; Active High) 

Bus Hold Request and Hold Acknowledge control owner- 
ship of the 80L286 local bus. The HOLD input allows 
another local bus master to request control of the local 
bus. When control is granted, the 80L286 will float its bus 
drivers to three-state OFF and then active HLDA, thus 
entering the bus hold acknowledge condition. The local 
bus will remain granted to the requesting master until 
HOLD becomes inactive which results in the 80L286 
deactivating HLDA and regaining control of the local 
buys. This terminates the bus hold acknowledge condi- 
tion. HOLD may be asynchronous to the system clock. 
These signals are active HIGH. 


INTR 
Interrupt Request (Input; Active High) 


Interrupt Request requests the 80L286 to suspend its 
current program execution and service a pending exter- 
nal request. Interrupt requests are masked whenever the 
interrupt enable bit in the flag word is cleared. When the 
80L286 responds to an interrupt request, it performs two 
interrupt acknowledge bus cycles to read an 8-bit inter- 
rupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active 
until the first interrupt acknowledge cycle is completed. 
INTR is sampled at the beginning of each processor 
cycle and must be active High at least two processor 
cycles before the current instruction ends in order to 
interrupt before the next instruction. INTR is level sensi- 
tive, active High, and may be asynchronous to the 
system clock. 


NMI 

Non-maskable Interrupt Request 

(Input; Active High) 

Non-maskable Interrupt Request interrupts the 80L286 
with an internally supplied vector value of 2. No interrupt 
acknowledge cycles are performed. The interrupt enable 
bit inthe 80L286 flag word does not affect this input. The 
NMI input is active High, may be asynchronous to the 
system clock, and is edge triggered after internal syn- 
chronization. For proper recognition, the input must have 
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been previously Low for at least four system clock cycles 
and remain High for at least four system clock cycles. 


PEREQ, PEACK 

Processor Extension Operand Request and 
Acknowledge (Input/Output) 

Processor Extension Operand Request and Acknowl- 
edge extends the memory management and protection 
Capabilities of the 80L286 to processor extensions. The 
PEREQ input requests the 80L286 to perform a data 
operand transfer for a processor extension. The PEACK 
output signals the processor extension when the re- 
quested operand is being transferred. PEREQ is active 
High and may be asynchronous to the system clock. 
PEACK is active Low. 


BUSY, ERROR 

Processor Extension Busy and Error (input; Active 
Low) 

Processor Extension Busy and Error indicate the operat- 
ing condition of a processor extension to the 80L286. An 
active BUSY input stops 80L286 program execution on 
WAIT and some ESC instructions until BUSY becomes 
inactive (High). The 80L286 may be interrupted while 
waiting for BUSY to become inactive. An active ERROR 
input causes the 80L286 to perform a processor exten- 
sion interrupt when executing WAIT or some ESC in- 
structions. These inputs are active Low and may be 
asynchronous to the system clock. 


RESET 

System Reset (Input; Active High) 

System Reset clears the internal logic of the 80L286 and 
is active High. The 80L286 may be reinitialized at any 
time with a Low-to-High transition on RESET which re- 
mains active for more than 16 system clock cycles. Dur- 
ing RESET active, the output pins of the 80C286 enter 
the state shown below: 








80L286 Pin State during Reset 
Pin Names 


Pin Value 

1 (High) SO, S1, PEACK, A23—A0, BHE, LOCK 
0 (Low) M/iO, COD/INTA, HLDA 

Three-state OFF D15—D0 


Operation of the 80L286 begins after a High-to-Low tran- 
sition on RESET. The High-to-Low transition of RESET 
must be synchronous to the system clock. Approximately 
50 system clock cycles are required by the 80L286 for 
internal initializations before the first bus cycle to fetch 
code from the power-on execution address is performed. 
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PIN DESCRIPTION (continued) 


A Low-to-High transition of RESET synchronous to the 
system clock, will begin anew processor cycle at the next 
High-to-Low transition of the system clock. The Low-to- 
High transition of RESET may be asynchronous to the 
system clock; however, in this case it cannot be prede- 
termined which phase of the processor clock will occur 
during the next system period. Synchronous Low-to- 
High transitions of RESET are only required for systems 
where the processor clock must be phase synchronous 
to another clock. 


Vss 
System Ground (Input) 


System Ground: 0 V. 


Vcc 
System Power (Input) 


System Power: +5-V power supply. 


CAP 
Substrate Filter Capacitor (Input; Active High) 


Substrate Filter Capacitor: a 0.047 uF +20% 12 V capaci- 
tor must be connected between this pin and ground. This 
capacitor filters the output of the internal substrate bias 
generator. A maximum DC leakage current of 1 LA is 
allowed through the capacitor. 


For correct operation of the 80L286, the substrate bias 
generator must charge this capacitor to its operating 
voltage. The capacitor charge-up time is 5 ms (max.) 
after Vcc and CLK reach their specified AC and DC 
parameters. RESET may be applied to prevent spurious 
activity by the CPU during this time. After this time, the 
80L286 processor clock can be phase synchronized 
to another clock by pulsing RESET Low synchronous 
to the system clock. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .......... —65°C to +150°C Operating Voltage Range ....... +4.75 V to +5.25V 

Voltage on Any Pin with Case Operating Temperature Range .. 0°C to +85°C 
Respect to Ground ............ -1.0V to 7.0V Operating ranges define those limits between which the func- 


Power Dissipation abe airtel ge eh se alee e eece SNe te 8 2.89 Watts tionality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range 
(Tcase=0°C to 85°C, Vec = 5 V+5%) 


Symbol Description Test Conditions Unit 
Vi___|inputowvotage | | | 
Vin____[ImputHigh Voltage | Teo 4 0.5 
Vuc____ [CLK InputLowVoltage | | HS 
Vine [CLK InputHigh Voltage | 8B Vcc 4 0.5 
Vou [OutputLow Voltage | tu =2.0mMA | 
Vor [OutputHigh Voltage | lon=—400pA 
lu [input Leakage Current | OV<VwsVoo 
lo 


lec Supply Current Tc =0°C 
Tc=85°C 


Cax | CLK input Capacitance [FomtMHz | 
Cin Other Input Capacitance Fe = 1 MHz eee te 
Co | Input/Output Capacitance | Fo=1 MHz ee, 

. 


<|<j}</<|<];< 


© mere 
33 
> > 


+10 
+10 
550 
475 
20 
| 20 
_ lio Output Leakage Current OV <VouT<0.45V | ee 
500 


lie | Input Sustaining Current on 
BUSY and ERROR pins 
0.45 <Vin< Vcc 


lucr Input CLK Leakage Current , | 
lucr | Input CLK Leakage Current | OV<Vin<s0.45V 


Vin=OV | 


+ [14+ 
~ 16 
> |S 


Note: Low temperature is worst case. 
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SWITCHING CHARACTERISTICS 


Vec = +5 V+5%, Tcase = 0°C to +85°C 
AC timings are referenced to 0.8 V and 2.0 V points of the signals as illustrated in data sheet waveforms, unless 
otherwise noted. 


Parameter Parameter | 8MHz_| _10MH2 _| 

Seas” |__| retconanons [aii 
| System Clock (CLK) Period | | o | 105 | 50 | 125 | ns 
2 [System Clock (CLK) LowTime | @tov | 15 [400 | 12 [109 [ns 
3 [System Clock (CLK) HighTime | @aev | 25 [110 | 16 [113 [ns 
17 | System Clock (CLK) RISE Time | 1.0vtos6v_— | [0 [fens 
18 [System Clock (CLK) FALL Time [ aevtorov  [ [10 [| [ens 
4 [Asynchronous inputs SETUP Time] (Note) [20 [ [20 [ns 
5 [Asynchronous Inputs HOLD Time | (Note 1) [20 [| 20 [| ns 
6 [RESET SETUP Time a es Os 
? [RESET HOLD Time ss 
8 [Read DataSetuPTime | 10 Ts 
Q [Read DataHOLDTime | 8 Td 
10 |_READYSETUPTime | tT Ts 
1% | READYHOLDTime Ts as Ts 


12 | Status/PEACK ValidDelay | (Notes2,3) | 1 | 40 | - |- | ns 

12A___|_Status/PEACK Active Delay _|_ (Notes 2,3) | - |- | 4 [22 | ns 

128 CK Inactive Delay | (Notes2,3)_ | - [= | 1 {30 | ns 
| (Notes 2,3) 


13 | 1 j60 [1 135 | ns 

14 |_Write DataValidDelay | (Notes2,3)_ ~—Ss | 0 =| 50 —| 0 ~|30_ | ns 

15 |__Address/Status/Data Float Delay_| (Notes2,4) so | 0 | 50 | 0 |47 | ns 

16 | HUDAValid Delay | (Notes 2,3) | 0 =| 50_ | 0 [47 | ns 

19 | — Address Valid to Status SETUP tied cae ae ee ee ns 
Time 
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SWITCHING CHARACTERISTICS (continued) 


Parameter Parameter | 42.5MHz | 16MHz 

eee Caen ee 
; | System Clock (CLK) Period | SCs 125 ns 
2 ns 
3 ns 
17 | _System Clock (CLK) RISETime | 1.0Vto36v_ | =[8 | [5 | ns 
18 | System Clock (CLK) FALLTime | 36Vto10V_ | [8 | [4 | ns 
4 | _ Asynchronous Inputs SETUP Time| (Note1) | 15 [| | it [| |ns 
5 | Asynchronous Inputs HOLD Time | (Note1) | 15 | | tt | ons 
6 | RESETSETUPTime ss ss] tt C—C‘iEC TCT 4 | ns 
7 | RESETHOLDTime ss | CC STC Ts 
8 | ReadDataSETUPTime ss | ti“‘“‘LSS O|OUE 5h] Uns 
9 | ReadDataHOLDTime sss | Ci CUE | ts 
10 | READYSETUPTime | —s—“‘iR 2 Tt | os 
11 | READYHOLDTime | —“(‘a(L OT UL 5 | ons 
12 |__Status/PEACK Valid Delay | (Notes2,3) = | - |- | - |- | ns 
128 ns 
13 | Address Valid Delay si (Notes2,3) =~ | 1 [32 | 1 =| 29 | ns 
14 | Write DataValid Delay | (Notes2,3) =| 0 = 30 =| «0 | 22 | ons 
15 | _Address/Status/Data FloatDelay | (Notes2,4) | 0 | 32, | 0 | 29 | ns 
16 | HLDAValidDelay ss (Notes 2,3) | Of 25) | 0 | 25 | ons 

Time 





Notes: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing 
purposes, to assure recognition at a specific CLK edge. 


. Delay from 1.0 V on the CLK to 0.8 V or 2.0 V or float on the output as appropriate for valid or floating condition. 
. Output load: C, = 100 pF. 
. Float condition occurs when output current is less than I,, in magnitude. 


. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 Vor status going 
inactive reaching 0.8 V. 


6. For load capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for 


ok WD PP 








10 MHz spec. 
Device 
Output | 
C, 
Note 7: ca 
AC Test Loading on Outputs TC004190 
4.0V 
CLK INPUT 
0.45 V 
Note 8: WF024240 


AC Drive and Measurement Points—CLK Input 
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SWITCHING WAVEFORMS 
Major Cycle Timing 


READ 


Bus Cycle Type 
Vou 
CLK Vo. \ 


ST-50 


923-0 eee 
M 6, o s oo s s a ra s oe e 
CoD/ 


80L286 


* FE PE PP PO OO 
A S *' . < oy od a xs XS os 


ai thy a a Ya Mit, hy, "hs, Mage ap, *y ty, "| Py a, ey, et Pe, By, Oy wh a a Me, fsa hy, ey Be, i Bay BM, 
SRDY + SRDYEN 


82284 


PCLK 


ALE 


82C288 


DT/R 





DEN 


WF007983 
Note: MWIC is valid at this point only if CMDLY is Low. 
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SWITCHING WAVEFORMS (continued) 


80L286 Asynchronous Input Signal Timing 


Bus Cycle Type Tx 

Vou 

CLK 

Ver ® @) 
PCLK 
(See Note 1) © 
HOL D, PEREQ eons oes , a. ee 
(See Note 2) 5 Or 
ERROR, BUSY NM > > — 





(See Note 2) 
WF009930 


Notes: 1.PCLK indicates which processor cycle phase will 
occur on the next CLK. PCLK may not indicate the 
correct phase until the first bus cycle is performed. 

2. These inputs are asynchronous. The setup and hold 
times shown assure recognition for testing purposes. 


80L286 Reset input Timing and Subsequent Processor 
Cycle Phase 


Reset 





Note: When RESET meets the set-up time shown, the next 


CLK will start or repeat 61 of a processor cycle. 


Exiting and areal Hold 


Bus Cycle Type *. 


qT 


(2 


CLK 
HLDA (See Note 4.) 


80L286 


BHE, LOCK 
A23-A0 
Mi6 
COD/INTA 


D1i5—-Do 


2 I PCLK 
N 
© 





| ee (See Note 3.) 


\ _ it NPX Transfer 





WF009942 


Notes: 1. These signals may not be driven by the 80L286 during the time shown. The worst case in terms of latest float time is 


shown. 


2. The data bus will be driven as shown if the last cycle before T, in the diagram was a write T,. 


3. The 80L286 floats its status pins during T,,. External 20 kQ resistors keep these signals High. 


4.For HOLD request set-up to HLDA, refer to Figure 34. 


5.BHE and LOCK are driven at this time but will not become valid until Tg. 
6. The data bus will remain in three-state OFF if a read cycle is performed. 
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SWITCHING WAVEFORMS (continued) 





80L286 PEREQ/PEACK Timing Required PEREQ Timing for One Transfer Only 


Bus Cycle Type 7 = : . : 
8 Cc s c a 
Vou 2 01 ‘) 1) th di () 1 y 1 
CLK 
Vv 
- VO Read if proc. ext. to memory Memory Write if proc. ext. to memory 
/ Memory Read if memory to proc. ext. / VO Write if memory to proc. ext. 
$i-S0 


Memory address if proc. ext. to memory transfer 
VO port address OOF A(H) If memory to proc. ext. transfer 
A23-A0 


wo X XT KOK 
COD/INTA “~y Kon 


VO port address OOFA(H) # proc. ext. to memory transfer 
Memory address if memory to proc. ext. transfer 





(See Note 2.) ® 
PL a a A OP > CS aR SS SR SSS SS SSS SS SO I SS SR SS SS SS SO 
PEREQ ve a i i a A i A ‘tp, fee, 44, 2 et LF KFKFKF KF FMM KF MK LMS Ph Wh Wy! wy Rar eh th yt Rs rl * 
PR RO HH HB HM GH BH A GG Ga A ah aE GE 
s aN aa Se 5 s wo aN 
ic, PO a Ps AF FPP PP PM HP MMM MPM HP MF HF MM MPM PP PM MP MP DP WO 


WF007953 


Notes: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The 
first bus operation will be either a memory read at operand address or I/O read at port address OOFA(H). 


2. To prevent a second processor extension data operand transfer, the worst case maximum time (shown above) is: 3x 
1-12a max—4 min. The actual, configuration dependent, maximum time is: 3 x 1-12a max—4 min + Ax 2.x 1. Ais the 
number of extra T, states added to either the first or second bus operation of the processor extension data operand 
transfer sequence. 
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Initial 80L286 Pin State During Reset 





Bus Cycle Type 
Tx Tx Tx T 
Vow ()2 1 ! a : 1 yd (I) 1 (2 f 
CLK V 
Ct 
(See Note 2.) — {6} 
—— © (See Note 1.) 
RESET , 
he 2 Atleast {|_| 
$1-S0 
PEAGK UNKNOWN 
A23-A0 
BHE UNKNOWN 
MIO 
COD/ UNKNOWN 
INTA 
LOCK UNKNOWN 


ty, Sty Sty Sty Nay hay Nag ay hag ty hey hay Ne, 

tty tay, *t,, 7c Rs a 
cAI COA OS ORR CO TOR OS CORA 
SUE SE RS SO 
os 


DATA Se 


SU es es 
ih a “Se, 
fe te ye Te“ 
a aC So 





rae 


If hold is NOT active (See Note 4.) 


ne ee 


WF007962 


HLDA UNKNOWN 


Notes: 1. Set-up time for RESET T may be violated with the consideration that 1 of the processor clock may begin one system 
CLK period later. 
2. Set-up and hold times for RESET | must be met for proper operation, but RESET J may occur during 61 or 2. 
3. The data bus is only guaranteed to be in three-state OFF at the time shown. 


4.HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains 
active while RESET goes inactive, the 80L286 remains in HOLD state and will not perform any bus accesses until HOLD 
is deactivated. 
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Am286™ZX/Am286LX 
Integrated Processors 


cl 


Advanced 
Micro 
Devices 


PC-AT Motherboard-on-a-Chip 


DISTINCTIVE CHARACTERISTICS 


m Integrates entire IBM PC-AT motherboard logic, 
plus enhancements 
—80C286 Microprocessor Core 
—Enhanced Bus Controller 
—Enhanced Clock Generator 
—DMA Controllers 
—Interrupt Controllers 
—Counter/Timer 
—Real Time Clock and CMOS Static RAM 

m Direct connection to DRAM, AMD 80C287™ 
math coprocessor, EPROMs, keyboard 
controller, and AT-bus slots eliminates the 
need for buffers and other glue logic 


m Full hardware support for EMS 4.0 memory 
management with 128 EMS registers allows 
fast switching for multitasking systems 


m@ 100% compatible with the IBM PC-AT standard 


m Low-power operation plus power saving 
features for battery powered notebook/hand- 
held systems (Am286LX processor only) 


mw Industry standard I/O port 92H fast reset and 


GATEA20 features for high-speed switching 
between real and protected mode 


m™ Page mode/interleave DRAM Controller with 
direct interface to 256-kbit, 1-Mbit, and 4-Mbit 
DRAMs—supports up to 16 Mb of physical 
memory 


= Complete line of support products available 
including demo boards, ICE, BIOS, and EMS 
drivers 


Flexible clock speeds up to 16 MHz 


=m 28mmx 28mm, 216-Pin EIAJ Plastic Quad Flat 
Pack (PQFP), with socket available 


GENERAL DESCRIPTION 


The Am286ZX and Am286LX integrated processors 
are AMD proprietary PC-AT motherboard-on-a-chip 
devices for personal computers. They integrate all of 
the logic functions from the original IBM PC-AT mother- 
board, plus enhancements, onto one chip. included are 
the 80C286 microprocessor, all of the AT standard 
peripherals, and memory management to provide a 
high-performance, low-cost, low-power system solution 
for personal computers. The high level of integration 
provided by the Am286ZX/LX integrated processor 
allows designers to reduce the size, power consum- 
ption, and cost of a PC-AT compatible system, while 


The Am286ZX/LX integrated processor is ideal for 
design of desktop, notebook, handheld, embedded, and 
other industry standard AT personal computers, where 
performance, size, power consumption, and cost are 
critical factors. The Am286LX processor version 
provides additional power saving features including 
CPU shutdown mode, system shutdown mode, 
staggered DRAM refresh, and slow-refresh DRAM 
support. 


Figure 1 shows a system block diagram for an AT 
motherboard, illustrating the high level of integration 


; ‘anal; achieved by the Am286ZX/LX integrated processor. 


increasing functionality and adding features. 


AT System Bus 
ee 


es 
| Optional 
| AMD 800287 


Am286ZX/LX 
Integrated 
Processor 

















Keyboard 
Controller 


14753C-—001 


Figure 1. PC-AT System Block Diagram Using the Am286ZX/LX Integrated Processor 
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SYSTEM ARCHITECTURE 


Figure 2 shows the Am286ZX/LX Integrated Processor S-bus drive capability and/or four DRAM banks. The 
Bus Interface. The AT System Bus (S Bus), Memory Am286ZX/LX integrated processor is designed to drive 
Bus (M Bus), and the I/O Bus (X Bus) directly inter- two bus slots and two DRAM banks, without requiring 
face to the rest of the system components. Optional buffers. 

buffers are shown for applications that require extended 


LA23-LA17 
SD15-SDO > S Bus 


Ls SA19—SAO 
itaie een aaa Optional buffers for 
a a een. extended drive capability 

XD7—XDO 


feces } ous 
XA17—XAO 


XA17—XA1 XA2 = 
1 6-Bit Keyboard 
EPROM EPROM | Controller 


MD15-MD8 XA2-XA1 
Am286ZX/LX 


Integrated Processor 





AMD 80C287 Math Coprocessor 
3 MA10—MAO 
[cates hasanteeseseasiampientea! Mou 


t MD15—MDO 
Optional buffer for ——», __ 
four DRAM banks 
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Figure 2. Am286ZX/LX Integrated Processor Bus Interface 
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AT System Bus 
S Bus 


Bus 
S-Bus Interface | Master 
Support 
287 WV/F 
EMS 4.0 
| goce8e6 es MMU DRAM Control 





















Unit 
Power CPU Address Latch M Bus 
Clock Control i 
MUX/Div | come’ 
AT Core Peripherals 

CPU 
Bus Control DMA Unit DRQs, 
Internal Bus (2-95C17s) DACKs 





Interrupt Unit 
(2-82059s) INTs 
NMI/ VO Config. 
PortB | Decode | Registers Counter/Timer SPKR 
ft} — 
) Real Time Clock/ Vaart 
Static RAM 
KBD ROM 
X-Bus Interface 
8042 Control cia X Bus 
14753C-003 


Figure 3. Am286ZX/LX Integrated Processor Internal Block Diagram 
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Ciocks 


287 
Interface 


Misc 





M-Bus Interface 


LA23-LA17 


DL1-—DLO 
MD15—MDO 
MA10—MAO 


PROCLK 
IOCLK 
RTCLKX1 
RTCLKX2 
F14MHZ 


P287CLK 
NPCS 
BUSY 
PEREQ S-Bus 
PEACK Interface 
RESET287 
P287ERR 
PWRGOOD REFRESH 
SPKR DRQ7-DRQ5, DRQ2—DRQ0 
Vaart DACK7-DACKS5, DACK2-DACKo 
Veeite) 
Vssi16) 
IRQ15-IRQ14, IRQ12-IRQ9, IRQ7-IRQ3 
RESETDRV 
SYSCLK 
© cic 
<< 
a S SBENA 
s x | N HDATDIR 
O S s x 
<x I< KX < LDATDIR 
X-Bus Interface 
14753C-004 


Figure 4. Am286ZX/LX Integrated Processor Logic Symbol 
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Top View 


Note: Pin 1 is marked for orientation. 


Figure 5. Am286ZX/LX integrated Processor Connection Diagram 
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PIN DESIGNATION TABLE (Sorted by Pin Number) 


Pin No. 


| LDATDIR 


SBENA 
MASTER 
DRQ7 
DACK7 
DRQ6 
DACK6 
DRQS5 
DACKS5 


1 DRQO 


Voc 
Vss 
DACKO 


MEMR 








IRQ9 


lIOCHK 


a 
58 


100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 


“i 
XA12 
XA11 
XA10 
XAQ9 
XA8 
XA7 
XA6 
| XAS 
XA4 
XA3 
XA2 
XA1 
XAO 
Voc 
ss 
MAO 
MA1 
MA2 
MA3 
MA4 


Vss 
MA5 


$s 


MA6 
MA7 
MA8 
MA9 
MA10 


Vss 
SAO 
SA1 
SA2 
SA3 
SA4 
SAS 
SA6 
SA7 
SA8 
SAQ 
SA10 
SA11 
SA12 
SA13 
SA14 
SA15 
SA16 
SA17 


LA17 


111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 


137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 


152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 














166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 





MDPO 
MDP 1 
SDO 














| RESET287 


P287ERR 
HDATDIR 
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PIN DESIGNATION TABLE (Sorted by Pin Name) 
PinName_ | PinNo. | PinName | PinNo. | PinName_|PinNo. _—i| PinName__| Pin No. 




















A20G 198 LA23 118 RESETDRV| 49 Voc 121 
AEN 45 LCSROM 191 RTCLKX1 187 Voc 127 
BALE 24 LDATDIR 1 RTCLKX2 188 Voc 135 
BUSY 211 MAO 73 SAO 90 Voc 146 
CASO 125 | MA1 74 | SAI 91 Vee 160 
CAS1 126 MA2 75 SA2 92 Vee 176 
CAS2 129 MA3 76 SA3 93 Voc 189 
CAS3 130 MA4 77 SA4 94 Vee 206 
CS8042 194 MA5 80 SA5 95 Ves 12 
DACKo 13 MA6 83 SAG 96 Ves 28 
DACK1 37 MA7 84 SA7 97 Ves 57 
DACK2 26 MA8 85 SA8 98 Vee 72 
DACK3 39 MAQ 86 SAQ 99 Ves 79 
DACKS5 9 MA10 87 SA10 100 Ves 82 
DACK6 7 MASTER 3 SA11 101 Veg 89 
DACK7 5 MDO 148 SA12 | 102 Ves 109 
DLO 134 MD1 149 SA13 103 Veg 122 
DL1 137 MD2 150 SA14 104 Via 128 
DLYOUT 133 MD3 151 SA15 105 Veg 136 
DMATC 25 MD4 152 SA16 106 Ves 147 
DRQo 10 MD5 153 SA17 107 Viz 161 
DRQ1 35 MD6 154 SA18 111 Ve 177 
DRQ2 47 MD7 155 | SA19 113 Ves 190 
DRQ3 38 MD8 156 SBENA } 2 Ves 207 
DRQ5 8 MD9 157 SBHE 23 XAO 70 
DRQ6 6 MD10 158 SDO 168 XA1 69 
DRQ7 4 MD 11 159 SD1 169 XA2 68 
F14MHZ 205 MD12 162 SD2 170 XA3 67 
HDATDIR 216 MD13 163 SD3 171 XA4 66 
IOCHK 50 MD14 164 SD4 172 XA5 65 
IOCHRDY 44 MD15 165 SD5 173 XAG 64 
IOCLK 204 MDPO 166 SD6 174 XA7 63 
lOCS16 21 MDP1 167 SD7 175 XA8 62 
IOR 44 MEMCS16 22 SD8 178 XAQ 61 
OW 40 MEMR 14 SD9 179 XA10 60 
IRQ3 29 MEMW 15 SD10 180 XA11 59 
IRQ4 30 MWENH | 132 SD11 181 XA12 58 
IRQ5 31 MWENL 131 SD12 182 XA13 55 
IRQ6 32 NPCS 210 SD13 183 XA14 54 
IRQ7 33 POWS 46 SD14 184 | XA15 53 
IRQQ 48 P287CLK 209 SD15 185 XA16 52 
IRQ10 20 P287ERR 215 SMEMR 43 XA17 51 
IRQ11 19 PEACK 213 SMEMW 42 XDO 138 
IRQ12 18 PEREQ 212 SPKR 208 XD1 139 
IRQ14 16 PROCLK 203 SYSCLK 36 XD2 140 
IRQ15 17 PWRGOOD| 202 Vaart 186 XD3 141 
KBINT 201 RASO 119 Vee 1 XD4 142 
KEYCLK | 200 RAS1 120 Ve 27 XD5 143 
LA17 110 RAS2 123 Voc 56 XD6 144 
LA18 112 RAS3 124 Vee 71 XD7 145 
LA19 114 RC 197 bes 78 XIOR 195 
LA20 115 REFRESH 34 I Voc 81 XIOW 196 
LA21 116 RESET 199 Vee 88 XMEMR 193 
LA22 117 RESET287 | 214 Voc 108 XMEMW 192 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the items below: 


NG 2862ZX 


OPTIONAL PROCESSING 

None = Trimmed and Formed PQFP in high-temp trays” 
/S = TapePak in coin-stack tubes 

SPEED OPTION 

-16 = 16 MHz 

—12 = 12 MHz 

DEVICE NUMBER/DESCRIPTION 

Am286ZX/LX Integrated Processor 

PC-AT Motherboard-on-a-Chip 

PACKAGE TYPE 


NG = 216-Pin Plastic Quad Flat Pack (PQR216, PQJ216) 


=16 Is 
Valid Combinations Valid Combinations 


12. ~12/S Valid Combinations list configurations planned to 
NG286LX be supported in volume for this device. Consult 
-16, -16/S the local AMD sales office to confirm availability of 


12, -12/S specific valid combinations, and to check on 
NG2862ZX a ies newly released valid combinations. 





*Note: Order Trimmed and Formed PQFP in multiples of 24 units/tray, 4 trays/dry pack. 
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PIN DESCRIPTION 
Clocks 


PROCLK 
Processor Clock (Input) 


Processor clock supplies a clock to the clock divider and 
multiplexer logic. 


IOCLK 
1/0 Clock (Input) 


I/O clock supplies a clock to the clock divider and multi- 
plexer logic. 


F14MHZ 
14.318-MHz Frequency (Input) 


14.318-MHz Frequency input to a divider that generates 
the clock for the internal 82C54 counter/timer. 


RTCLKX1 
RTC X1 Crystal Connection (Input) 


Input to the crystal oscillator that supplies the internal 
real-time clock’s 32-kHz frequency. 


RTCLKX2 
RTC X2 Crystal Connection (Output) 


Output of the crystal oscillator that supplies the internal 
real-time clock’s 32-kHz frequency. 


AT System Bus (S Bus) Interface 


SYSCLK 
System Clock (Output) 


System Clock is the S-bus synchronous clock. It is 
always half the frequency of the AT state machine 
Clock. 


LA23—-LA17 
Extended Address (iInputs/Outputs) 


Extended Address lines are used to address up to 16 Mb 
of memory on the S Bus. These signals are not latched 
internally with BALE and are valid earlier in the cycle 
than the SA lines. These pins can be driven by the inter- 
nal CPU or DMA controller or by an external bus master. 


SA19-SA0 
S-Bus Address (Inputs/Outputs) 


S-Bus Address lines are used to address memory and 
I/O devices on the S Bus and are valid for the entire bus 
cycle. These pins can be driven by the internal CPU or 
DMA controller or by an external bus master. 


SBHE 


S-Bus Byte High Enable (Input/Output; 
Active Low) 


S-Bus Byte High Enable signal indicates a transfer of 
data on the upper byte of the data bus, SD15—SD8, toa 
16-bit, S-bus peripheral. This signal can be driven by the 
internal CPU or DMA controller or by an external bus 
master. 
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SD15-SD0 
S-Bus Data (Inputs/Outputs) 


S-Bus Data lines are used to transfer data on the S Bus. 
All 8-bit devices use SD7—SDO. All 16-bit devices use 
SD15-—SDO. Transfers may be initiated by the internal 
CPU or DMA controller or by an external bus master. 


BALE 
Buffered Address Latch Enable 
(Output; Active High) 


Buffered Address Latch Enable is an active High output 
used to latch valid addresses and memory decodes 
during CPU transfer cycles. BALE is forced High during 
DMA and external bus master cycles. 


1OW 
/O Write (Input/Output; Active Low) 


I/O Write is an active Low control signal for I/O write 
cycles on the S Bus. This signal can be driven by the 
internal CPU or DMA controller or by an external bus 
master. 


1OR 

/O Read (Input/Output; Active Low) 

I/O Read is an active Low control signal for I/O read 
cycles on the S Bus. This signal can be driven by the 


internal CPU or DMA controller or by an external bus 
master. 


MEMW 

Memory Write (Input/Output; Active Low) 

Memory Write is an active Low control signal for all 
memory write cycles on the S Bus. This signal can be 


driven by the internal CPU or DMA controller or by an 
external bus master. 


MEMR 

Memory Read (Input/Output; Active Low) 

Memory Read is an active Low control signal for all 
memory read cycles on the S Bus. This signal can be 
driven by the internal CPU or DMA controller or by an 
external bus master. 

SMEMW 

S-Memory Write (Output; Active Low) 

S-Memory Write is an active Low control signal for 
write cycles to S-bus memory with addresses less than 
1Mb. 

SMEMR 

S-Memory Read (Output; Active Low) 

S-Memory Read is an active Low control signal for 


read cycles to S-bus memory with addresses less than 
1Mb. 
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MEMCS16 
Memory 16-Bit Chip Select (Input; Active Low) 


Memory 16-Bit Chip Select is an active Low input signal 
indicating that the present S-bus transfer cycie is a 
16-bit memory cycle. This pin should be driven by open 
collector or three-state buffers. There is an internal 
pull-up on the pin which can be disabled. 


10CS16 
/O 16-Bit Chip Select (Input; Active Low) 


I/O 16-Bit Chip Select is an active Low input signal 
indicating that the present S-bus transfer cycle is a 
16-bit I/O cycle. This pin is also sampled at reset time to 
determine ROM size. This pin should be driven by open 
collector or three-state buffers. There is an internal 
pull-up on the pin which can be disabled. 


POWS 
Zero Wait State (Input; Active Low) 


Zero Wait State is an active Low input signal indicating 
to the bus controller that it can complete the present bus 
cycle without inserting any additional wait states. This 
pin should be driven by open collector or three-state 
buffers. There is an internal pull-up on the pin which can 
be disabled. 


IOCHK 
1/O Channel Check (Input; Active Low) 


I/O Channel Check is an active Low input from the 
S Bus which can cause a NMI to be generated to the 
internal CPU, indicating a I/O error condition on the 
S Bus. This pin should be driven by open collector or 
three-state buffers. There is an internal pull-up on the 
pin which can be disabled. 


lIOCHRDY 
/O Channel Ready (Input; Active High) 


/O Channel Ready is an active High signal from the S 
Bus. When Low it indicates a “not ready” condition and 
inserts wait states in AT I/O or memory cycles. When 
High, it allows the current S-bus cycle to complete. This 
pin should be driven by open collector or three-state 
buffers. There is an internal pull-up on the pin which can 
be disabled. 


AEN 
Address Enable (Output; Active High) 


Address Enable is an active High output signal used to 
indicate to S-bus I/O device address decoders that a 
DMAcycle is in progress. When active, the internal DMA 
controller has control of the S-bus address, data, and 
control pins. 





MASTER 


Master (Input/Output; Active Low) 


MASTER is usually an active Low input signal asserted 


by an external device on the S Bus to allow S-bus 
peripherals to access system resources as a bus 
master. In Bus Master Mode, this pin is an output 
asserted when a mastering cycle is in progress. This pin 
should be driven by open collector or three-state 
buffers. There is an internal pull-up on the pin which can 
be disabled. 


DRQ7—DRQ5, DRQ2—DRQ0 
DMA Request (Inputs; Active High) 


DMA Request signals 7—5 and 2-0 are asynchronous 
DMA channel request inputs used by peripheral devices 
to gain access to a DMA service. These pins can also 
be used by bus masters to gain S-bus control. DRQ2- 
DRQO perform 8-bit DMA transfers and DRQ7—DRQ5 
perform 16-bit DMA transfers. There are weak pull- 
downs on these pins. 


DRQ3 

DMA Request (Input/Output) 

DMA Request 3 is usually defined the same as the other 
DRQ inputs. In Bus Master Mode, this pin is an out- 


put asserted to request bus access on a host system’s 
bus. There is a weak pull-down on this pin. 


DACK7-DACK5, DACK2—-DACKO 
DMA Acknowledge (Outputs; Active Low) 
DMA Acknowledge signals 7-5 and 2-0 are active Low 


output pins which acknowledge their corresponding 
DMA requests. 


DACK3 

DMA Acknowledge 3 (Input/Output; Active Low) 
DMA Acknowledge 3 is usually defined the same as 
the other DACK outputs. In Bus Master Mode, this pin 


is an input which senses the status of a bus request to 
the host system. 


DMATC 
DMA Terminal Count (Output; Active High) 
DMA Terminal Countis an active High output signal indi- 


cating that terminal count fora DMA channel has been 
reached. 


REFRESH 
Refresh (Input/Output; Active Low) 





REFRESH is an active Low signal to indicate a memory 
refresh cycle. This signal can be driven by an external 
bus master. There is an internal pull-up on the pin which 
can be disabled. 
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IRQ15—IRQ14, IRQ12-IRQ9, IRQ7-IRQ3 
Interrupt Request (Inputs; Active Low) 


Interrupt Request input pins signal the internal 82C59 
interrupt controllers that an I/O device needs attention. 
There are weak pull-ups on these pins. 


RESETDRV 
Reset Drive (Output; Active High) 


Reset Drive is an active High signal used to reset or 
initialize system logic at power-up time. It is synchro- 
nous to SYSCLK. 


SBENA 
S-Bus Buffer Enable (Output; Active Low) 


S-Bus Buffer Enable is an active Low enable for the 
S-bus address and data expansion buffers. 


HDATDIR 
High Data Direction (Output; Active High) 


High Data Direction is an active High direction control 
pin for the high byte of the S-bus data buffer. A logic High 
on this pin indicates a drive direction out from the chip. 


LDATDIR 
Low Data Direction (Output; Active High) 


Low Data Direction is an active High direction control 
pin for the low byte of the S-bus data buffer. A logic 
High on this pin indicates a drive direction out from 
the chip. 


DRAM Interface 


RAS3—RASO 
Row Address Strobe (Outputs; Active Low) 


Row Address Strobes are active Low outputs used 
by the DRAMs as RAS signals to clock in row addresses 
for each of the 4 possible DRAM banks. 


CAS3-—CAS0 
Column Address Strobe (Outputs; Active Low) 


Column Address Strobes are active Low outputs used 
by the DRAMs as CAS signals to clock in column 
addresses for each of the 4 possible DRAM banks. 


MA10—-MAO 
Memory Address (Outputs) 


Memory Address lines are multiplexed outputs and con- 
vey the following information: row addresses during 
RAS signals, column addresses during CAS signals, 
and refresh addresses during refresh cycles. 256-kbit 
DRAMs use MA8—MAQO; 1-Mbit DRAMs use MA9-MA0; 
and, 4-Mbit DRAMs use MA10-MAO. 


MD15—MDO 
Memory Data (Inputs/Outputs) 


Memory Data bus transfers data to/from the DRAMs 
and the AMD 80C287 math coprocessor. The high byte 
of the bus, MD15—-MD8, is also used for transfers 
involving 16-bit ROM and 16-bit X-bus I/O devices. 


MDP1—MDPO 

Memory Data Parity (Inputs/Outputs) 

Memory Data Parity bits 1 and 0 transfer parity bit in- 
formation to/from the optional parity DRAM. Parity is 
generated and verified internally. MDPO is the parity 
for the low byte and MDP‘1 is the parity for the high 
byte. 

MWENH 

Memory Write Enable High (Output; Active Low) 


Memory Write Enable High is an active Low output for 
the high byte DRAM write enable. 


MWENL 
Memory Write Enable Low (Output; Active Low) 


Memory Write Enable Low is an active Low output for 
the low byte DRAM write enable. 


DLYOUT 
Delay Line Out (Output; Active High) 


Delay Line Out is an active High output to the delay line 
for generating DRAM control signals. 


DL1—DLO 
Delay Line (Inputs; Active High) 


Delay Line inputs 1 and 0 are active High inputs from 
two taps of a delay line that generate DRAM control 
Signals. 


X-Bus Interface 


XA17—XA0 
X-Bus Address (Outputs) 


X-Bus Address lines provide addressing for the BIOS 
ROM, keyboard controller, AMD 80C287 math copro- 
cessor, and other X-bus peripherals. 


XD7-XD0 
X-Bus Data (Inputs/Outputs) 


X-Bus Data lines are used to transfer the low 8 bits of 
data to/from X-bus devices such as the keyboard 
controller, BIOS ROM, and other X-bus peripherals. 
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XIOW 
X-Bus I/O Write (Output; Active Low) 


X-Bus 1/O Write is an active Low control signal directing 
an I/O port to accept data from the XD Bus. 


XIOR 
X-Bus I/O Read (Output; Active Low) 


X-Bus I/O Read is an active Low control signal directing 
an I/O port to place data on the XD Bus. 


XMEMW 
X-Bus Memory (Output; Active Low) 


X-Bus Memory Write is an active Low control signal for 
memory write cycles on the X Bus. 


XMEMR 
X-Bus Memory Read (Output; Active Low) 


X-Bus Memory Read is an active Low control signal for 
memory read cycles on the X Bus, such as BIOS ROM 
reads. 


Coprocessor Interface 


P287CLK 
287 Clock (Output) 


287 Clock provides the output clock to the math copro- 
cessor (AMD 80C287 math coprocessor). The clock 
is generated by the clock divider and multiplexer logic, 
and is derived from PROCLK or IOCLK. 


NPCS 
Numeric Processor Chip Select 
(Output; Active Low) 


Numeric Processor Chip Select is an active Low output 
which indicates a data transfer involving the AMD 
80C287 math coprocessor. 


BUSY 
Busy (Input; Active Low) 


BUSY is an active Low input from the AMD 80C287 
math coprocessor indicating it is executing an instruc- 
tion. There is a weak internal pull-up resistor on this pin. 


PEREQ 
Processor Extension Request (Input; Active High) 


Processor Extension Request is an active High input 
pin which indicates that the AMD 80C287 math copro- 
cessor is ready to transfer data to/from the CPU. There 
is a weak pull-down on this pin. 


PEACK 
Processor Extension Acknowledge 
(Output; Active Low) 


Processor Extension Acknowledge is an active Low out- 
put which indicates that the requested transfer due to an 
active PEREQ has been completed. 
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RESET287 
287 Reset (Output; Active High) 


287 Reset is an active High output signal which resets 
the AMD 80C287 math coprocessor. 


P287ERR 
287 Error (Input; Active Low) 


287 Error is an active Low input which indicates an 
AMD 80C287 math coprocessor error condition and can 
trigger the coprocessor interrupt to the interrupt con- 
troller. There is a weak pull-up on this pin. 


Keyboard Controller interface 


CS8042 
8042 Chip Select (Input/Output; Active Low) 


8042 Chip Select is an active Low signal used for select- 
ing the external keyboard controller. If the XT keyboard 
interface is enabled, the pin definition changes to 
XTKBDATA, a bi-directional serial data transfer line 
with an internal pull-up. 


RC 
Reset CPU (Input; Active Low) 
Reset CPU is an active Low input signal which will acti- 


vate the internal CPU’s reset when active. This is gener- 
ated from the 8042 keyboard controller. 


A20G 
Address 20 Gate (Input) 


Address 20 Gate input for CPU address line 20. A 
logic High on this input will enable A20 pass-through 
from the CPU. A logic Low will force the internal A20 
inactive. This signal is generated by the 8042 keyboard 
controller. 


RESET 
Reset (Output; Active Low) 


RESET is an active Low output, CPU clock synchron- 
ized reset signal derived from PWRGOOD. It is usually 
used to reset the keyboard controller. If the XT key- 
board interface is enabled, the pin definition changes 
to XTKBRST, an 1/O controlled reset output for an XT 
keyboard. 


KEYCLK 
Keyboard Clock (Input/Output) 


Keyboard Clock provides the output clock to the key- 
board controller. The clock is generated by the clock 
divider and multiplexer logic and can be derived from 
several clock sources. If the XT keyboard interface is 
enabled, the pin definition changes to XTKBCLK, an 
1/O controlled clock line with an internal pull-up. 


KBINT 
Keyboard Interrupt (Input) 


Keyboard Interrupt is a direct connection to the IRQ1 
input on the master 82C59A. 
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Miscellaneous Signals 


LCSROM 
ROM Chip Select (Output; Active Low) 


ROM Chip Select is an active Low output which provides 
the chip select for the BIOS ROM/EPROM. 


PWRGOOD 
Power Good (input; Active High) 


Power Good is an active High input signal which indi- 
cates a stable system power condition. This is normally 
driven by the power supply. A logic Low on this input 
resets the device. There is a schmitt trigger input on 
this pin. 
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SPKR 
Speaker (Output) 


Speaker output signal is the output of the internal tone 
generation logic which includes one channel of the inter- 
nal 82C54 timer. This is a standard TTL level output. 


Veatr 


Negative Battery Voltage input to power the internal 
Real Time Clock and CMOS memory. 


Vec 
Power. 
Vss 
Ground. 
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FUNCTIONAL DESCRIPTION 
80C286 and Standard Peripherals 
80C286 Microprocessor Core 


The Am286ZX/LX integrated processor integrates 
AMD’s CMOS 80C286 microprocessor as the core of 
the internal system. The 80C286 core maintains the 
complete functional features of a standard 80C286. 
This includes full 80286 instruction set, registers, status 
information, internal memory organization, 16 Mb of 
physical and 1 Gb of virtual address space, all address- 
ing modes, address and data segmentation, pipelining 
schemes, real and protected mode environments with 
four levels of memory protection, interrupt priorities, and 
halt and shut down cycles. See the 80C286 data sheet 
(order #11625) for more information. 


In the Am286ZX/LX integrated processor, the core is 
designed to be fully static. This means that the 
Am286ZX/LX integrated processor can operate any- 
where from its maximum speed down to 0 MHz. Power 
consumption is significantly reduced by lowering the 
clock speed. For maximum power saving, the clock may 
be shut off completely. The Am286ZX/LX integrated 
processor retains its state while the processor and 
peripheral clocks are stopped, and then continues to 
operate from its original state when these clocks are 
resumed. 


DMA Controllers 


Two identical 9517/8237-compatible DMA controllers 
and a page register are integrated into the AmM286ZX/LX 


CPU DMA2 
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integrated processor. DMA1 occupies addresses 
OOOH-OOFH and DMA2 occupies addresses OCOH 
—ODFH. Each controller is a four channel DMA device 
which generates the memory addresses and control 
signals necessary to directly transfer information 
between a peripheral device and memory. This allows 
transfer of information at higher speeds with little CPU 
intervention. The two DMA controllers are internally 
cascaded to provide four DMA channels for 8-bit 
transfers (DMA1) and three DMA channels for 16-bit 
transfers (DMA2). DMA2 Channel 0 is_ internally 
cascaded. 


The programmable registers in the Am286ZX/LX inte- 
grated processor allow independent control for both 
8-bit and 16-bit transfers by inserting wait states. Each 
DMA channel has a pair of 16-bit counters and a pair of 
reload registers for each counter. This allows up to 
64-kb block transfers with DMA1 and up to 128-kb block 
transfers with DMA2. Several modes of operations are 
possible using programmable features in the registers. 


The page registers are used to generate the high order 
addresses during DMA cycles. Only eight of these 
registers are used, but all 16 are included to maintain 
PC-AT compatibility. Each DMA channel has a register 
associated with it, with the exception of Channel 0 
of DMA2. The Am286ZX/LX integrated processor in- 
cludes weak pull-downs on the DRQ input pins. 


DMA1 


Ls DACK3-DACKo 
< DROS-DRAO 
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Figure 6. DMA Block Diagram 
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Interrupt Controllers 


Two identical, 8259-compatible interrupt controllers, 
INTC1 and INTC2, are integrated into the AmM286ZX/LX 
integrated processor. They accept requests from 
peripherals, resolve priority on pending interrupts and 
interrupts in service, issue an interrupt request to the 
processor, and provide interrupt vectors for interrupt 
service routines. 


The two devices are internally connected and must be 
programmed to operate in cascade mode for operation 
of all 15 interrupt channels. INTC1 occupies addresses 
020H-021H and is configured for master operation 


in cascade mode. INTC2 occupies addresses 0DAQH— 
OA1H and is configured for slave operation. The inter- 
rupt request output signal from INTC2 (INT) is internally 
connected to the interrupt request input Channel 2 
(IRQ2) of INTC1. This configuration is compatible with 
the IBM PC-AT. 


The output of Timer 0 in the counter/timer section is 
connected to Channel 0 (IRQO) of INTC1. The interrupt 
request from the Real Time Clock is connected to 
Channel 0 (IRQ8) of INTC2. The other interrupts 
are also available to external peripherals, as in the AT 
architecture. The Am286ZX/LX integrated processor 
includes weak pull-ups on the interrupt input pins. 









Timer 0 (internal) 
Keyboard Controller Interrupt 


Other Interrupts 


Other Interrupts 


RTC (internal) 
C287 Error Out (internal) 
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Figure 7. Interrupt Controller Block Diagram 
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Counter/Timer 


A three-channel, general purpose, 82C54-compatible, 
16-bit counter/timer is integrated into the AM286ZX/LX 
integrated processor. It provides critical timing para- 
meters for the PC system under software control. It can 
be programmed to count in binary or in BCD. Each 
counter operates independently of the other two 
and can be programmed for operation as a timer or a 
counter. All three are controlled from a common set of 
control logic, which provides controls to load, read, 
configure, and control each counter. This counter occu- 
pies I/O addresses 040H—043H. There are six modes 
of operation: 


Mode 0 Interrupt on terminal count 

Mode 1 Hardware re-triggerable one-shot 
Mode 2 Rate generator 

Mode 3 Square wave generator 

Mode 4 Software triggered strobe 

Mode 5 Hardware re-triggered strobe 


All three counters are driven from a common clock, 
which is internally generated as a divide by 12 of the 
FI14MHZ pin. The output of Counter 0 is connected 
to IRQO interrupt input of INTC1, and may be used 
as a software “timer tick” for time-keeping and task- 
switching activities. The output of Counter 1 is inter- 
nally connected as a refresh request. The output of 
Counter 2 is internally connected to speaker logic. 


14.318 MHz 
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AMD al 
Real Time Clock and CMOS Static RAM 


A Real Time Clock (RTC) function is implemented in 
the Am286ZX/LX integrated processor at I/O address 
space 070H and 071H. It combines a complete time-of- 
day clock with alarm, a one hundred year calendar, a 
programmable periodic interrupt, and 114 bytes of 
CMOS static RAM. The static RAM is battery backed-up 
to save its contents in the absence of main system 
power. Also, since it is battery backed-up, the clock 
counting continues to maintain the date and time when 
power is shut off . 


The Am286ZX/LX integrated processor includes a low- 
power CMOS crystal oscillator to handle the 32-kHz 
clock signal to the RTC. This feature saves board space 
by integrating the oscillator on-chip, and it extends the 
life of the system’s battery. 


An indexed addressing scheme is implemented to 
write to the 128 locations of the RTC. The index reg- 
ister is written with the address of the memory location, 
which acts as an address pointer. Data is then trans- 
ferred to the location. The RTC contains 128 address- 
able locations which include: 10 locations for time, 
calendar and alarm data, 4 general purpose registers, 
and 114 static RAM locations. 


The alarm bytes are programmed to generate an 
interrupt at a specific time, or can be programmed to 
generate a periodic interrupt. The static RAM from index 
addresses OEH to 7FH are not affected by the RTC. 
This area can be used to store configuration and cali- 
bration information. Since this section is battery 
powered, it will not lose data when the system is turned 
off. 


Counter 0 


1.19 MHz 
Eo CLK GATE Veo 


OUT To Internal IRQO 
Counter 1 
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Control Ee 
Logic OUT Refresh Request 
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OUT OUT2 (SPKR) 
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Figure 8. Counter/Timer Block Diagram 
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System Control Logic 
Enhanced Clock Generator 


The Am286ZX/LX integrated processor provides very 
flexible clock selections for the CPU clock, AT-bus 
clock, keyboard clock, and AMD 80C287 math copro- 
cessor clock. Configuration registers are provided to 
select these clocks to suit system applications. An 
82284-compatible logic block is used to generate the 
READY signal for the internal CPU. 


PROCLK and IOCLK are the main input clock pins for 
the clock generator. Depending on the system design, 
the Am286ZX/LX integrated processor can be con- 


figured to select internal CPU clock, AMD 80C287 — 


math coprocessor clock, AT state machine clock, 
and keyboard clock from either PROCLK or IOCLK. 
Flexible divisors are provided to select desired opera- 
tional speeds. SYSCLK is always half the frequency of 
the AT-state machine clock (ATSMCLK). 


The dividers are at the divide by four setting at power up. 
The default selections for clock source and divider can 
be modified by writing to configuration registers. The 
Am286ZX/LX integrated processor contains logic to 
prevent clock pulse width violations when changing any 
Clock. 


PROCLK 
lOCLK 


|g) mux 


|| Mux 


7) mux 
14.318 MHz 


ee 


In order to achieve maximum system performance, it is 
desirable to run the processor at the maximum rated 
speed. Internal state machines maintain asynchronous 
protocols for high-speed operation of the CPU while 
allowing slower S-bus cycles. 


Enhanced Bus Controller 


The Am286ZX/LX integrated processor's Enhanced 
Bus Controller provides the control logic for routing 
addresses and data through the Am286ZX/LX inte- 
grated processor for every type of data transaction. 
At its core, it provides analogous functions to the 82284 
and 82288. The rest of the logic transforms the 
Am286ZX/LX integrated processor into advanced 
high-speed, AT-compatible products. These advanced 
functions include the following: 


1. Dual state machine design—A high-speed CPU 
synchronous state machine for DRAM and internal 
register access, and an S-bus state machine which 
can operate asynchronously to the CPU. 


2. AT-compatible, high-byte routing, and word-to-byte 
transaction conversion for bus transfers to 8-bit 
peripherals. 


3. Address/data routing and buffer control for all 
possible data transfers, including CPU, DMA, 
Refresh, and bus mastering. 


tee CPUCLK (internal) 
plies 287CLK (external) 
ATSMCLK (internal) 
1/2/3/4 
SYSCLK (external) 
Divider 
1/2/4/16 KEYCLK (external) 
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Figure 9. Clock Generator Block Diagram 
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Figure 10. Bus Controller Block Diagram 


DRAM Interface 


The Am286ZX/LX integrated processor supports a 
robust and easily implemented memory system provid- 
ing zero or near zero wait state performance, while 
maintaining low system cost with inexpensive DRAMs. 
Its memory array is configured to directly support two 
banks of 16/18 bits (four 8/9 bit SIMMs). Two additional 
banks can be added by adding buffers on the memory 
address lines. Each bank consists of 16-bit data and two 
optional parity bits, one for each byte. They can be 
implemented with 256-kbit, 1-Mbit, or 4-Mbit DRAMs 
for a maximum of 8 Mb per bank, up to a total of 16 Mb 
in multiple banks. 


The array supports page mode accesses to decrease 
memory speed requirements. If adjacent arrays are 


CPU Average | 
Speed Mode Wait States 


12 MHz Normal 
12 MHz Page/Interleave 
12 MHz Normal 
16 MHz Normal 
16 MHz Page/Interleave 





populated with the same DRAM size, two or four way 
interleaving may be selected to increase the page mode 
hit ratio. The Am286ZX/LX integrated processor can 
handle memory size mixing. If interleaving is enabled, 
only the same size banks are interleaved. 


In page mode operation, consecutive accesses within 
DRAM page boundaries are reduced to zero wait 
states. Wait states occur only when changing pages or 
crossing page boundaries. In the case of identical 
banks, interleaving may be enabled to double (2 way) or 
quadruple (4 way) the page size. This increases the 
page mode hit ratio. The following table shows the aver- 
age number of wait states, plus the recommended 
memory speeds. 


DRAM 
Speed 


0 80 ns 
0.6 120 ns 
1 100 ns 
1 80 ns 
0.6 100 ns 


The Am286ZX/LX integrated processor can also interface to SRAM via the S Bus or the high-speed memory bus that normally connects to DRAM. 
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Shadow RAM/384-kb Relocation 


Typically, system ROM BIOS and other ROM exten- 
sions require multiple wait states for access, presenting 
a Significant system performance bottleneck. Shadow 
RAM is a method to eliminate this slow speed path. 
Using the ROM chip-select control facilities, slow 
access ROMs can be disabled and replaced with fast 
access write protected RAM in the 384 kb of unused 
RAM area. Three 8-bit registers provide Shadow RAM 
mapping control of 384-kb shadow memory. This area 
is divided into 24 blocks of 16 kb. 


Upon system initialization, the BIOS copies itself and 
any ROM extensions into a temporary location in 
system memory. The ROMs are then disabled with the 
appropriate bits in the ROM control register, while at 


CPU 
Address Space (Logical) 


1 Mb --—— 






ROM BIOS and 
OEM Extensions 


640 kb fe 


the same time the shadow RAM is enabled. The ROM 
contents are then copied into the RAM at original loca- 
tions, and the appropriate 16-kb pages are write 
protected. Other sections of RAM can be moved and 
write protected for other system functions, such as 
consolidating ROM extensions and write protecting 
system scratch-pad RAM. 


However, if only 1 Mb of RAM is present, the 384 kb 
between 640 kb and 1 Mb can be relocated to above the 
1-Mb boundary, providing 384 kb of extended memory 
to the user. This feature is enabled by the REL bitin the 
DRAM Control Register (DRC). The Am286ZX/LX 
integrated processor provides the flexibility of offering 
either Shadow RAM or 384-kb relocation by setting the 
appropriate configuration registers. These two features 
are mutually exclusive. 


System Memory Address Space (Physical) 


3 16 Mb 


BIOS Shadow 
RAM 













640 kb 


a. Shadowing the ROM into RAM 
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b. 384-kb Relocation 
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Figure 11. Shadow ROM/384-kb Relocation 
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EMS 4.0 Memory Management 


The principle behind EMS 4.0 is that any 16-kb page 
within a large protected memory area can be mapped to 
a location within the IBM-PC address space (0—1 Mb). 
This provides a method to implement extremely large 
data sets and multi-tasking within the memory limita- 
tions of MS-DOS. The Am286ZX/LX Address Transla- 
tion Unit (ATU) provides all the basic hardware function- 
ality to completely map the entire PC address space. 
The DRAM controller can be programmed to reserve up 
to 15.5 Mb of local memory for use with EMS. Using the 
ATU, any 16-kb page in the lower 1 Mb of memory can 
be mapped to any page in the reserved EMS address 
space. 


The PC logical memory space of 1 Mb is considered as 
64 pages, with each page 16 kb (64x 16 kb = 1 Mb). The 
EMS memory mapping involves allocating one or more 
of these pages as a page frame. Accesses to this page 
frame are translated to addresses in the reserved 
memory area via a Set of pointers in hardware. These 


Real Mode 
Address Space 
(Logical) 
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pointers are stored in 2 sets of 64 Address Translation 
Registers (Main and Alternate sets), which are read 
and written by means of an address translation con- 
trol register and four address translation register 1/O 
address locations. 


MS-DOS application software takes advantage of EMS 
4.0 by writing code that conforms to the LIM EMS 4.0 
specification. 


The Am286ZX/LX integrated processor has two sets 
of 64 EMS registers. Each set of 64 registers forms a 
translation set which can map the entire 0-1 Mb address 
space. By having two sets, EMS software can perform 
high-speed switching between the two translation 
sets of EMS memory. When performing this type of 
multitasking, the addresses (pointers) of EMS memory 
for each task are loaded into both the primary and alter- 
nate EMS registers. This allows for a task switch to 
occur without reloading the pointers to each task. This 
greatly improves performance of task switching which 
is utilized by multitasking EMS software. 


System Memory 
Address Space 
(Physical) 


2 Sets of 64 
EMS Registers 
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Figure 12. EMS Address Translation 
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Power Saving (Am286LX Processor Only) 


Power saving modes are included in the Am286LX 
processor to allow the system BIOS to control power 
consumption. Power consumption is controlled by 
selectively turning off on-chip clocks. The Am286LX 
processor has two power saving modes—CPU stop 
clock and system standby. CPU stop clock mode shuts 
down the CPU clock until the next interrupt. By stopping 
CPU activity the system draws less current. In this way 
the system can stop the CPU when CPU interaction 
is not required. For example, in a keyboard polling 
loop, the system can stop the CPU between keyboard 
interrupts. 


System standby mode goes even further by stopping 
all clocks that are not essential for DRAM refresh. 
This mode could be used in conjunction with slow- 
refresh DRAMs to basically turn the system off, except 
for maintaining data in the RAMs. The system can be 
switched into system standby mode during long periods 
of inactivity to substantially improve battery life. Normal 
implementation of the Am286LX processors power 
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saving modes requires no external Circuitry. Instead, the 
modes are enabled by software. 


The Am286LX processor also incorporates staggered 
DRAM refresh. By staggering the refresh of the DRAMs, 
instantaneous current demands are greatly reduced, 
providing a lower current surge on the system’s power 
source. The Am286LX processor also has support for 
slow-refresh DRAMs. With slow-refresh memory, data 
does not have to be refreshed as often, which reduces 
power consumption. 


External Interfaces 
AT System Bus 


The Am286ZX/LX integrated processor can directly 
drive the AT Bus within the limits of the DC current 
drive specification. For a fully buffered AT Bus, the 
Am286ZX/LX integrated processor provides three 





buffer control output pins. They are SBENA, HDATDIR, 
and LDATDIR. 


Direct Drive of AT Bus 
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Figure 13. Direct S-Bus Connection 
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Buffered S Bus 
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Figure 14. Buffered S-Bus Connection 
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Keyboard Controller 


The Am286ZX/LX integrated processor provides a 
direct interface for an AT-type keyboard controller 
(8042), or an XT-type keyboard. The type of keyboard 
interface is selected with a configuration register. The 
KEYCLK output is driven by the clock generation 
logic, with four selectable clock inputs (see Enhanced 
Clock Generation). The keyboard controller is attached 
as an X-bus device. 


AMD 80C287 Math Coprocessor 


The Am286ZX/LX integrated processor provides a 
direct interface to the AMD 80C287 math coprocessor. 
The clock generation for the AMD 80C287 math copro- 
cessor is driven by the clock generation logic, with two 
selectable clock inputs (see Enhanced Clock Genera- 
tor). The AMD 80C287 math coprocessor is attached 
with the X-bus address lines and the M-bus data lines. 
The Am286ZX/LX integrated processor provides AT- 
standard I/O command decodes for “clear busy” (port 
OFOh) and AMD 80C287 math coprocessor reset (port 
OF 1h). Standard coprocessor interconnect is shown in 
the following diagram. 


Am286ZX/LX 


Integrated 
Processor 


AMD tart 
ROM/EPROM 


The Am286ZX/LX integrated processor provides 
support for 8- or 16-bit EPROM configurations. The 
EPROM(s) are attached as an X-bus device, with high- 
byte data off the M Bus for 16-bit configurations. 


Expansion Bus (X Bus) 


In addition to the EPROM, keyboard controller, and 
AMD 80C287 math coprocessor peripherals, the 
Am286ZX/LX integrated processor’s X Bus can be 
used to attach other I/O devices. Eight configuration 
registers are available to map any 8-byte I/O address 
range onto the X Bus. 16-bit I/O is also supported. 


Any !/O device such as serial ports, parallel ports, and 
floppy disk controllers may be attached to the 
Am286ZX/LX integrated processors X Bus. Any of 
the four 8-byte DMA channels (0-3) can be mapped 
to the X Bus as well. For example, a floppy disk con- 
troller would use DMA Channel 2. 





Figure 15. Keyboard Controller interface 
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Figure 16. AMD 80C287 Math Coprocessor Interface 
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XD7-XDO 


Note: This is the default configuration. 
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Figure 17. 8-Bit EPROM Configuration 
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Note: Open-collector buffer between RESET and IOCS16. 
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Figure 18. 16-Bit EPROM Configuration 


Additional Features 
Fast RESET and Fast GATEA20 


The Am286ZX/LX integrated processor provides two 
features which enhance the system’s performance— 
fast RESET and fast GATEA20. Normally, system 
software calls for a BIOS routine which issues two 
commands to switch the processor from protected 
mode to real mode. First, a RESET command is written 
to the 8042-keyboard controller; then the GATEA20 
commandis written to the 8042 controller. This imposes 
a performance limitation due to the slow 8042. The 
Am286ZX/LX integrated processor provides the fast 
RESET and fast GATEA20 features to bypass the 
keyboard controller and reduce the mode switch time. 
The Am286ZX/LX integrated processor conforms to the 
industry standard port 92h location to perform a reset to 
real mode. 





These features greatly improve performance in 
operating environments like OS/2 and DOS extenders 
that frequently switch between real and protected mode 
during execution. 
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Bus Master Mode 


The Am286ZX/LX integrated processor is normally the 
main CPU of an AT-architecture motherboard. How- 
ever, the Am286ZX/LX integrated processor's Bus 
Master Mode allows it to act as a Bus Master peripheral 
connected to the expansion bus of a host system. This 
allows the Am286ZX/LX integrated processor to be the 
main CPU on a high-performance bus-master add-in 
card. The Am286ZX/LX integrated processor directly 
supports industry standard architecture (ISA) bus 
mastering and, with extended logic, MCA and EISA 
systems. Selecting bus master mode changes the 
operating mode of some of the S-bus pins to allow direct 
connection of the Am286ZX/LX integrated processor to 
the system expansion bus of another system. 


NMI and Port B Logic 


Industry standard non-maskable interrupt (NMI) logic is 
provided. This includes the AT-standard port B register 
at I/O address 061h, and the NMI enable register at I/O 
address 070h. 
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ABSOLUTE MAXIMUM RATINGS 





AMD cl 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 


Ambient Temperature under Bias . . = to pubes at or above these limits is not implied. Exposure to abso- 
Storage Temperature ........... —65°C to +150°C lute maximum ratings for extended periods may affect device 
Junction Temperature .................. +175°C reliability. 
Lead Temperature (10 seconds) .......... +275°C 
Supply Voltage to Ground Potential OPERATING RANGES 

Continuous ...............-4. -0.5Vto+7.0V Ambient Temperature (Ta) .......... 0°C to +70°C 
DC Voltage Applied to Outputs .... —0.5 to Vcc Max Supply Voltage (Vcc) ......... +4.75 V to +5.25 V 
DC Input Voltage ............... -0.5 to Vcc Max Battery Voltage (Vaart) ........... -3.0 V to-4.5 V 
DC Output Current ...............0008. +30 mA Operating ranges define those limits between which the func- 
DC Input Current ............. ~10 mA to +10 mA tionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 
Vec = +5 V +5%, Ta=0°C to +70°C. 


Parameter 
Symbol Parameter Descriptions Notes and Conditions Unit 


Vi___| InputLowVoltage | CC ti STV 
V___| InputHigh Voltage | CdS 
Vic___ | CLK Input Low Voltage (Note 11) | | HOS 

Ving | CLK InputHigh Voltage (Note11) | 

Vo.__| OutputLow Voltage | b= SeeNote1o =| | 
Von | OutputHigh Voltage | y=See@Noteio = | 3.0 | — 
] Viv= GND of Voc 
l Vo=GND or V - 


lease Supply Current (Notes 1, 13) i a eet Ee eee ah 
16 MHz CPU 24 a 
12.5 MHz CPU 22 


laces Supply Current (Notes 3, 13) : Sac cou eS mA 
| 16 MHz CPU 240 
ls Supply Current (Note 14) 42.5 MHz CPU Pa ae mA 


Leeaare RTC Battery Backup Supply Current | V,.,;=—3.0 V (Note 12) a a ae pA 


loses Supply Current (Notes 2, 13) 


ie Van 0.4 V; Vag 5.25 V mA 
ie Va 0.4 V, Vog=5.25 V mA 
Dee VarO4V,Vep=525V] 90 | -30 | mA 
Liou | Pull Up Loading Current (Note 7) | Vy=3.0V, Voo=5.25V mA 
es Var 0.4 V, Ver=5.25V mA 
lHioap Pull Down Loading Current (Note 9) | V,,=3.0 V, V,,.=5.25 V pA 


Notes:1. Stop Clock Mode (Am286LX processor only): CTSC bit set, 
input clocks running, CPU clock stopped, peripheral clocks and 
refresh oe 

2. System Standby Mode (Am286LX processor only): SSBY bit 
set, input clocks running, CPU and Peripheral clocks stopped, 
refresh mene 

. Full Standby Mode: All input clocks stopped, including 32KHz 

aa F14MHz. This ‘ erate BO EGE Be current 

. Pull up current for the SA : , MEMW, ; 

TOW, SBHE, BUSY, and P287ERR pins. XMEMR, XMEMW, LCSROM 

. Pull up current for the MASTER, IOCHRDY, JOCHK pins. 


pat il Bll PK 4mA_ | 150 pF 
. Pull up current for the XA pin. 
Pull up current for the KEYCLK and OS802z pins. pMo.MDP 2m | 100 
. Pull down current for the DRQ and PEREQ pins. 


DLYOUT, P287CLK, NPCS, RESET287, PEACK, | 4, | cy pF 


Po PinGroup | Houston | Co 
SA, SD, MEMR, MEMW, TOR, JOW, RESETDRV 100 pF 


LA, SMEMR, SMEMW, SYSCLK, MASTER, 
REFRESH, SBHE, DMATC, BALE, AEN, SBENA, 
XD, XA, XIOR, XIOW, RESET, DACK 


4mA_ | 100 pF 


COON OH FH Ww 


—_—, 


. The Am286ZX/LX integrated processors have several 
output buffer types, each with different lo./loy characteristics. 
They are characterized by the following table. 
11. Includes pins PROCLK, IOCLK, KEYCLK (XT keyboard 
mode), 042 (XT keyboard mode), and PWRGOOD, IOCHK. 
12. See Battery Backup Test diagram. 
13. Vin =Vec or GND, Vec = 5.25 V, outputs loaded with 50 pF. 
14. Vin=0OV or 4V, Voc =5.25 V, outputs loaded with 50 pF. 


HDATDIR, LDATDIR 
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CAPACITANCE 
Ta=+25°C; all measurements referenced to device GND. 


Parameter Descriptions 


Input Pin Capacitance a 














Parameter | 
Symbol 


Bi-directional Pin Capacitance 
_ Output Pin Capacitance 


Note: Pin capacitance is characterized at a frequency of 1 MHz, and is tested on a sample basis only. 


SWITCHING CHARACTERISTICS over operating range 
Method of Specification 
The Am286ZX/LX integrated processor has several modes of operation. Given the number of options available and 


the internal generation of clocks, some explanation of the specification method is in order. The following points must 
be noted: 


1. In order to test and verify the timing parameters, the specifications are from external input to output definitions. 


2. The designator “srcCLK” refers to the input clocks PROCLK or IOCLK. Internal and external clocks are generated 
from these input clock signals. KEYCLK may use the 14.318 MHz input clock as its source. It is assumed for all 
diagrams that all PROCLK and IOCLK related dividers are set for divide by 1. 


3. Output invalid delay times (Min and Max) not specified track the corresponding valid delay time (Min and Max) 
within +5 ns. There are two exception on the M bus for non-paged mode accesses. The RAS invalid delay timing 
tracks the valid delay timing by +10 ns. The MA10—MAbO invalid timing tracks the valid delay timing by +8 ns. 

4. The AT-bus timing diagrams assume a programmed configuration of no command delays for 16-bit memory ac- 
cesses, one command delay for 8-bit memory accesses, and one command delay for I/O commands. The timing 
parameters are referenced to clocks and are independent of command delays. 


Note: Switching characteristics are targeted numbers and are subject to change without notice. 


SWITCHING TEST WAVEFORM 


OV 3.6V 3.6V 
CLK Input 0.45 V , 0 : V O8sV 
3.0V ) = ———_ 
5V ‘ 
Other Device Input sa Ss x > 1.5 7 <x x Ss 
| —Ca- Cp CpCrC1 Ce CaCi 
Device Output XOOO0ODOXOEEXK ORE 
SWITCHING TEST CIRCUIT 


From Output Under Test V,=1.5V 








BATTERY BACKUP TEST DIAGRAM 







Voc Am286ZX/LX 
| ; Integrated 
3.6 V (Li) — Vaart Test Point Processor 






IN4148 1 Kohm { 


Vaart 


CR 
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Input Clocks 
Parameter 

Symbol | Parameter Descriptions Notes and Conditions Unit 
16 MHz CPU 

it | PROGLK, IOCLK Pera Pe a a a es re 
16 MHz CPU 

t2 PROCLK, IOCLK Low Time 12.5 MHz CPU i ae ns 
eee: 16 MHz CPU 

13 PROCLK, IOCLK High Time 12.5 MHz CPU ee kf ns 

t4 RTCCLK Period (Note 1) ee es ee ee ee 

tS __| F14 Miz Period eS ee ee 

6 _| F14MHz High, Low Time eS ee 


Note 1. 32.768 kHz +100 ppm crystal input across RTCLKX1 and RTCLKX2 for AT compatibility. 





IHC 


Vine 


Vv t1 
PROCLK, IOCLK 15V 
2 > 38o--> 
t4 
V 
RTCX1 1.5 V 
Vie 
—___—_—_—_———— 5 ————_> 
V 


F14MHZ 
15V 
Vin 
t6 a 6 > 
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Figure 19. Input Clocks 





Am286ZX/LX integrated Processor 1-175 


Th avo 


AT System Bus Interface: Referenced to srcCLK 


Parameter 
Symbol Parameter Descriptions Notes and Conditions Unit 


7 | SYSCIKPerod_———~«di Nowe SSC—~idSCiSSPSC*dSC 
18 ATSMCLK Period ——+i|——SSCSC~CS ns | id 
| syscuK ightew Tine Ya 
"72 OROW tom sec [Nae] 7 
110 | REFRESH Active from seOLK [Note —*‘[ +? 90 +f re 
i14_| REFRESH Inactive rom seGLK | Notot [| +|| 90 | as 
116 | TOCHK Active Pulse Width [Noes <i 0 *f id 
i17 | HOCHADY Setup to seGLK | Notes —*4[ ss | «dT 
i1@ | JOCHRDY Hold from sroOLK _[ Notest.3 7) Sid 
119 | RESETORViomsicGLK [Nowa <4 Sid Sd 
20__| NEMESIS Soupeseouk [weet 
a a a a 
i2a__| POWS Setupto sOlK ___[ Notwot «4 1+ Sid 
25 | POWSHoldio soOlK ____[Notwot—*| 8 | Sid 
26 | WEMAIMEMWirom sroOLK | Notet—*4[ sid SS 
127 | IRQ inacve Pulse With | Notes3.5,6 [10 | +s 
0 __| SA, SBHEValdtromsreotK | Wotet —*[———s«d—SO 
is _| tAValdtromsrcOlK —[ Notwet «| —SSSC~idCS dT 
130 | SD Read Setupto sek [ Nowet +4 sf ids 
(31 | SD Read Holdto scOlkK | Nowt ~*~ SSCid 
i32__| SD White Vald rom sreOK | Notwot——*4[ ——S~d—SiO ds 
124 | (HIDDATDIR From sro | Notet —*{ +t 4 [ns 


Notes: 1. ATSMCLK reference. 

2. The maximum frequency for SYSCLK is 8 MHz. 

3. Asynchronous inputs not requiring setup or hold times. This specification given for testing purposes. 
4. Duration of RESETDRV active is dependent on PWRGOOD and can be software controlled. 

5. Low time required to clear the input latch of the interrupt controller. 

6 


. IRQs must remain High until after the first interrupt acknowledge cycle to prevent spurious interrupts. 
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Figure 20. AT System Bus Interface (Processor) Memory 8-Bit-1WS, 16-Bit-OWS 
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Figure 21. AT System Bus Interface (Processor) I/O 16- and 8-Bit-2WS 
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srcCLK [ 


ATSMCLK, CPUCLK [ i : : 
a | ae 





FEFFESA [ ¥ 
MEMR [ i 16 
SEMA [ j tt 
28 28 
saio-sao [= ———-—— -—+-{ | REFRESH Valid | 
t29 
LA23-LA17 [ a cee ee cee come REFRESH Valid 
a. REFRESH 
srcCLK [ 
t19 t19 
RESETDRV [ 
b. RESETDRV 
IRQ15—IRQ14 
1RQ12—IRQ9 [ t27 
IRQ7—IRQ3 


c. IRQ 
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Figure 22. AT System Bus interface (Processor) 
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AT System Bus Interface (DMA): Referenced to srcCLK 


Parameter 
Symbol Parameter basil sid Notes and Conditons Unit 


5__| MEN Acivetomscoik | Nowe sd r 
eS SNe ie RE 
28 | DMATC from seGLK ———~«d Nowe? SSC*iESSSCSC*iSC 
99 | BALEfromsreclk———~«d Nott ——SC~i SSSCSC~i (Cd 
ido AENtromsreGLK ~~~ Note —SSCSC~iSSSSC~i SY 
142 | DACKtromeroclk———~—~S—~s Note SSC~iPSSSCSC~iSCti Cd 
i4__| SBHEtromsreClk ——~—~S—~*d Nowe? SSSC*iESCSSSC~iSCiSCdC 
\45_| LAValidfromsreClK ‘| Notw2———S<dY ~SSSSC~iSCitS Sd 


\47__| SD Valid trom MD Vala (WEMA) | ——SC~S~SSSSCSC*iCa id 
i48___| SD ValidtromxD Vaid (OR) | —SSOSC—~—SSSCSC~iSCa 
149 | JOGHADY Setup to steCLK | Nowa «ss | 
152 | SMEWR inactive from sreGLK | Note2—S«dY~SCSC~C~dSC<CS 
153 | SMEMWirom sreCLk | Note2—s«dwCSS~S es 


Notes: 1. CPUCLK reference. 
2. DMACLK reference. 
3. Asynchronous inputs not requiring setup or hold times. This specification given for testing purposes. 
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srcCLK [ 


DRQ7-DRQ5, [ ie MORON PROMO DIN 
i ee es 





DRQ3—DRQ0 


AEN [ t40 <- 


BALE I 139 


t42 


[if os 
poe ee es ty || | 


wi 
SA19-SAO, SBHE I pee | 


LA23-LA17 I Valid n (n+ 1) 


ra 
— 
cd 


37 (37 


ee ee ee ae 





36, t52 
t41, t53 








t41, t53 


143, 
t44 
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pee rua 
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PRISE rie 


re} | | 


t45 t45 
DMATC l 138 138 
S Bus VO Read { I XXX Valid n 
seat MEM 146 | 
rite TAAAAANY 
eal ON | vaien ) 
a ee 
wo [ (i or 
Local MEM Read IVVVV' 
S-Bus I/O Write t47 = 
AAAI TY 
015-800 | NA ‘(| 
X-Bus I/O Read ae 
S-Bus MEM Write s me 
xo7-XDo | ‘(a 
IOCHRDY I 149 | 149 { 
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Figure 23. AT System Bus Interface (DMA) Local I/O Write/Memory Read, X Bus I/O Read/Memory Write 
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AT System Bus Interface (External Master): Referenced to srcCLK 


Symbol | Parameter Descriptions Conditions Max Unit 
154 SMEMR/SMEMW from MEMR/MEMW eae eee ee ae ns 
155 | WOMOWFloattromMASTER Active ‘| Notes | | 40 ~+| ns 
56 | REFRESH SctuptosClkK ——=sd| Noto? | 5 | sd sins 
57 | PEFRESHHoWdfromarcCLK = Noto. 2 =f 20 | | 
68 | AENtomMASTER TST SCT SO 
159 | MEMR/MEMW Float from MASTER Active | Notes | +‘| 40. +«4 ns 
160 | SASBHEFloatfromMASTER Active ‘| Notes | | 55 «| __—ins 





161 | LAFloat rom MASTER Acive [Noes || 30] ra 
162 | SDHoldtomMEMA—SSCSC~dTSSCSCSC‘iY SY CdS 
163 | HUDATDIRtom WASTER Ade =| SCT SSSCSCSC~dSCOC dC 
164 | (HD)DATDIR trom OPMEMAAcive | || 4 | rs 
165 | SASetupto Command ————~+d~tSC~i Sd CdS 
166 | SAHold from Command [| 10 |_| rs 


Notes: 1. ATSMCLK reference. 
2. Asynchronous inputs not requiring setup or hold times. This specification given for testing purposes. 
3. Not 100% tested. 
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Figure 24. AT System Bus Interface (External Bus Master) 
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Coprocessor Interface 


Symbol Parameter Descriptions Conditions Unit 
168 | PaB7CIKPerod ——SSSSSCSC* WN ~=—STSgO| SCS 
69 | Pas7ciKlowTime——SSSSSC~—~iSC“‘<‘;<za!’*S!CdTSCdSC 
i70__| P287CLKDelaytromsreclK ———S«d[| —SSCiTSCSCSC~*idCSC‘ Sd 
t71 NPCS from srcCLK | Notes 1,3 _ a a a ns 
72 | BUSYSewptosocikK «dL Notes. | S| 
73 | BUSYHoldfromsreclK «| Notes. | S| YS 
175 | PEREQHoldfromsrcCLK ———=SS=*d Notes 1,3 | 20 ns 
76 | PEACKActivettomsreCLK ——=SSS=« Note? =| |S 
77___| PEACKInactivetromsrcClK «| Note? | SYS? «ds 
78 RESET27tromsrcGlK ————=S~d CNet? dP S«dS OCs 
i79__| BUSY PaB7ERR Active Overlap «| +i 5s | +| rs 


Notes: 1. CPUCLK reference. 
2. This 50% duty cycle is internally divided by 3 within the AMD 80C287 math coprocessor. 
3. Asynchronous inputs not requiring setup or hold times. This specification given for testing purposes. 
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Figure 25. Coprocessor Interface 
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cl AMD 


XBUS—ROM, RAM, KBD, I/O, MEM 


Symbol Parameter Descriptions Conditions 
te3 | LCSROMfromsrcCLK_ | Nott TO 
Non-DMA cycles Note 1 

185 | MD,XDReadSetuptosreGik _—*| Nolet «fe —sd| SS 
186 | MD,XDReadHoldtromsreCLK | Notet (| 90 «| 
187 | MD,XDWiitetromsreGLK—~=~S=i«d Note? |S 
188 | CSB0ABtromsreCLK———SSSSC«i Nt? || 
189 | MORKOWiromsreGlK _———=—=S=«dt Note? S| | SO 
190 | XAfromsrcolkK ———SSSSC*d Nt? | TOC 
1 | ROSeuptosrccik ———=—==S—C«d Notes. 2 | ST 
192 | REHoldtoercciK ———C* Notes 2 | ST 
193 | RESETHomscclkK ——SSSCi WNT =| |S CS 
95 | KEYOLKHighTime SST S| | 
we | KEYCLKtowTime CTS OT 
197 | KEYCLKDelaytromsreGlK _—s«dt Note? S| 
(98 | KBINT inactive Pulse Wicth ~~~‘ Notesa,a4 | | 100 


Notes: 1. CPUCLK reference. 
2. Asynchronous inputs not requiring setup or hold times. This specification given for testing purposes. 
3. This Low time is required to clear the input latch in edge triggered mode. 
4. In all modes KBINT must remain High until the first Interrupt Acknowledge. 
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Figure 26. X Bus—ROM, RAM, Keyboard, I/O Device (Processor) Read, Write, 1WS 
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XBUS—1/O (DMA/External Master) 


Parameter Notes and 
Symbol Parameter Descriptions Conditions Unit 
199__|_XD Vaid from SD Vali es Se ee 
i100___|_XD Valid from MD Vali es ee ee 
101 MD Valid from XD Valid ee Te a ns 
t102 XIOR/XIOW Valid from srcCLK }Note1 |~ | 60 | ns 
t103 XMEMRV/XMEMW Valid from MEMR/MEMW Valid i i ns 
t104 XIORXIOW Valid from IORIOW Valid i ee ns 
1105 _|_ XA Valid from SA Valid | ee ee eee 
Notes: 1. DMACLK reference. 
stcCLK [ 
DMACLK [| | 
XIOR [ {102 1102 
xiow [ 1102 
sp1s-spo [ YK 
XD7-XDo [ XXKKN ____ 
1100 fe——-——»j_ fe—t101 
MD1s-MDo [- mM | kX 
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Figure 27. X Bus—i/O Device (DMA) 
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Figure 28. X Bus—RAM, Keyboard, I/O Device (External Bus Master) 
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Miscellaneous Signals 


Notes and 
Parameter Descriptions Conditions 


PWRGOOD Setup to sreCLK PNotest.2 | 8 | | 
PWRGOOD Pulse Width | Notes 1,2,3 [65-TPCLK|  — | 


Notes: 1. CPUCLK reference. 
2. Asynchronous inputs not requiring setup or hold times. This specification given for testing purposes. 
3. TPCLK is the period of PROCLK. 
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Am286ZX/LX Integrated Processor as a Bus Master 





New 
Parameter Notes and 
Symbol Parameter Descriptions Conditions jax Unit 
A a ns 
t109 ASTER Inactive from srcCLK Say ns 


08 
MAS 

iii | WRIOWirom sick _——~SCSC*~wCN = 
TE 
i115 | SA, SBHE trom scOlK _———~—~—~*diCNoto 1 
i117 | tAValdiromsroCLK ~~~ Noto 
1119_| SD Witetrom scOLK ‘(Note | 

a 


t120 SD Write Setup to MEMW Active 


Notes: 1. ATSMCLK reference. 


b b = 
Joelle eee 
= 
” 





srcCLK [ 


CPUCLK [ 


t106 
POWERGOOD [ 


t107 
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Figure 29. Miscellaneous Signals 
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Figure 30. Am286ZX/LX Integrated Processor as a Bus Master 
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cl AMD 


Memory Bus 











Symbol Parameter Descriptions | Conditions Unit 
fai | sreOlKtoRASAcive Sd SCPC SCS 
riz | sweolktoRASInactve dT SCT SCT SCY 
tia | swOLKtoCASAcive TCT SSCdT Sd 
ri24 | swoCLktoGASInactve TCE SCY SSS 
ti25 | swOlktoMAVaid SCT SST SSSCdT SOY 
1126 | sreCLKtoMAlvaid dT SCT 8 dT Cd 
ti27__ | MWENL, MWENHAciveDely S| ~SSSSCidT~SSSSC*dT SCS 
1128 | MWENL, MWENH Inactive Delay ———s{| ——SsdT SSCidY SC Sd| 
Hi29_| swClkioMDVaid | dT SCT 
1130 | sfeCLKtoMDFLOAT_—=S==SCS~=~sCNt? =|] SOY 
1132 | MDHoldfromsreGtK «dT SSSSCdT dT Sid) 
1184 | MOPSeuptoseclkK —SSSd| SCT SCT Cd 
1135 | MDPHoldfromsrcolK S| SSCL 20ST SCdY St 
1196 | sreCLKtoMDPFLOAT ———=S=SSS=*d Noto’ sf S| Odo 
1137__| SAtoMAVaidDelay SSS] SCT CY Sd 
t139 SBUS cmd to DLYOUT Delay ea ns 
1140__| DLOtoMAVaidDelay S| SCT SCT dT 
ti4i__| SBUSemdtoRASDely dT SSSSC*dESSSCSC*dCSCi‘iSOSC*dSSC 
1142 SBUS cmd to MWENL, MWENH Delay i ee 
t143__| DL to OAS Delay Se 





Notes: 1. Not 100% tested. 
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Figure 31. M Bus: Non-Paged Mode—Read/OWS 
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Figure 33. M Bus: Non-Paged Mode—Write/OWS 
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Figure 34. M Bus: Non-Paged Mode—Write/1WS 
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Figure 35. M Bus: Page Mode, Page—Hit RAS Inactive/Write/OWS 
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Figure 36. M Bus: Page Mode, Page—hit RAS Inactive/Read/OWS 
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Figure 37. M Bus: Page Mode, Page—Hit/Write/OWS 
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Figure 38. M Bus: Page Mode, Page—Hit RAS Active/Write/1WS 
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Figure 39. M Bus: Page Mode, Page—Hit RAS Active/OWS/Read 
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Figure 40. M Bus: Page Mode, Page—Hit RAS Active/1WS/Read 
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Figure 41. M Bus: Page Mode, Page—Miss/Write/OWS 
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Figure 42. M Bus: Page Mode, Page—Miss/Write/1WS 
srcCLK I 
1122 
x a 
[ : 
MWENH 
t125 t125 : 
Se | a 
CAS [ 1124 
t131 t132 
mo [ ae. ae) 
wor [ a 
t134 135 
14753C-039 


Figure 43. M Bus: Page Mode, Page—Hit RAS Inactive/Read/OWS 
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Figure 44. M Bus: S-Bus Master/DMA Access to Local Memory 
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Am386™DXL 


High-Performance, Low-Power, 32-Bit Microprocessor 


DISTINCTIVE CHARACTERISTICS 
m Ideal for portable PCs 


—True static design for long battery life 

—Typical standby Icc <0.02 mA at DC (0 MHz) 

—Typical operating Icc < 275 mA at 33 MHz 

—Lower power consumption than Intel i386DX or 
Intel i386SX 

—Smaill footprint 132-pin PQFP package 

~—Wide range of chip sets and BIOS available to 
support standby mode capabilities 

—Performance on demand (0 to 40 MHz) 


GENERAL DESCRIPTION 


The Am386DXL microprocessor is a high-speed, true 
Static implementation of the Intel i886DX microproces- 
sor. It is ideal for both desktop and battery-powered 
portable personal computers. For desktop PCs, the 
Am386DXL microprocessor offers a 21% increase in 
the maximum operating speed from 33 to 40 MHz. Also, 
this device offers lower heat dissipation, allowing sys- 
tem designers to remove or reduce the size and cost of 
the system cooling fan. 


For portables, the Am386DXL microprocessor’s true 
Static design offers longer battery life with low operating 


ct 


Advanced 
Micro 
Devices 


m Ideal for desktop PCs 


—40-, 33-, 25-, and 20-MHz operating speeds 
—Lower heat dissipation facilitates fan reduction or 
elimination for cost savings and noise reduction 

—Pin-for-pin replacement for Intel i886DX 


= Compatible with 386DX systems and software 


@ Supports 387DX-compatible math 
coprocessors 


m AMD® advanced 0.8 micron CMOS technology 


power consumption and standby mode. At 33 MHz, this 
device has 40% lower operating Icc than the Intel 
i386DX. Standby mode allows the Am3886DXL micro- 
processor to be clocked down to 0 MHz (DC) and retain 
full register contents. In standby mode, typical current 
draw is less than 0.02 mA, a nearly 1000x reduction in 
power consumption versus the Intel i386DX or Intel 
iS86SX. 


Additionally, the Am386DXL microprocessor will be 
available in a small footprint 132-pin plastic quad flat 
pack (PQFP) package. This surface-mount package is 
40% smaller than PGA, allowing smaller, lower-cost 
board designs without the need for a socket. 


Typical icc 
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aN AMD 


INTRODUCTION 


AMD is proud to provide the Am386DXL microprocessor at a time when the personal computer market requires 
alternatives. Alternate source manufacturers traditionally increase availability, add features, and broaden the market. 
AMD has focused significant engineering resources to bring you these benefits. 


AMD's track record with the 80286 shows that we were first to raise the performance of the 80286 from 8 MHz to 10, 12, 
and 16 MHz. We were first to offer new packaging technology with a smaller, lower cost PLCC. Today, over 90% of all 
80286s sold use PLCC packaging. AMD is committed to similar advances with the AmM386DXL microprocessor. 


The Am386DXL microprocessor is more than just a re-creation of the Intel iS86DX. Highly skilled engineers in our 
Austin, Texas facility added enhancements to the microprocessor, through the use of our advanced 0.8 micron CMOS 
technology. These enhancements include a true static design, and an increase in the maximum operating speed to 
40 MHz. The true static design allows for lower operating power consumption, as well as standby mode for lower heat 
dissipation in desktop PCs and longer battery life in portables. 


AMD engineered the Am386DXL microprocessor to insure compatibility with the installed base of hardware and soft- 
ware for the 386-based personal computers. The AmM386DXL microprocessor is your solution to meet the demand for 
high-performance, 32-bit desktop and portable personal computers. 
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FUNCTIONAL DESCRIPTION 


True Static Operation 


The Am386DXL microprocessor incorporates a true 
Static design. Unlike dynamic circuit design, the 
Am386DXL device eliminates the minimum operating 
frequency restriction. It may be clocked from its maxi- 
mum speed of 40 MHz all the way down to 0 MHz (DC). 
System designers can use this feature to design true 
32-bit battery-powered portable PCs with long battery 
life. 


Standby Mode 


This true static design allows for a standby mode. At any 
of its operating speeds (40 MHz to DC), the Am386DXL 
microprocessor will retain its state (i.e., the contents of 
all of its registers). By shutting off the clock completely, 
the device enters standby mode. Since power con- 
sumption is a function of clock frequency, operating 
power consumption is reduced as the frequency is low- 
ered. In standby mode, typical current draw is reduced 
to less than 0.02 mA at DC. 


Not only does this feature save battery life, but it also 


simplifies the design of power-conscious notebook 
computers in the following ways. 


1. Eliminates the need for software in BIOS to save 
and restore the contents of registers. 


2. Allows simpler circuitry to contro! stopping of the 
Clock (since) the system does not need to know 
what state the processor is in. 


Typical icc 
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Lower Operating Icc 


True static design also allows lower operating Icc when 
operating at any speed. See the following graph for typi- 
cal current at operating speeds. 


Performance On Demand 


The Am386DXL microprocessor retains its state at any 
speed from 0 MHz (DC) to its maximum operating speed 
(20, 25, 33, or 40 MHz). With this feature, system de- 
signers may vary the operating speed of the system to 
extend the battery life in portable systems. 


For example, the system could operate at low speeds 
during inactivity or polling operations. However, upon in- 
terrupt, the system clock can be increased up to its 
maximum speed. After a user-defined time-out period, 
the system can be returned to a low (or 0 MHz) operating 
speed without losing its state. This design maximizes 
life while achieving optimal performance. 
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CONNECTION DIAGRAMS 
132-Lead Ceramic Pin Grid Array (PGA) Package 
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AMD fe 
Pin Pin Pin Pin Pin Pin Pin Pin | Pin Pin Pin Pin 
Name No. Name No. Name No. Name No. | Name No. Name No. 
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Pin Pin Pin Pin Pin Pin 
No. Name; No. Name/] No. Name 
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CONNECTION DIAGRAMS 
132-Lead Plastic Quad Flat Pack (PQFP) Package 
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Note: Pin 1 is marked for orientation. 
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CONNECTION DIAGRAMS (continued) 
132-Lead Plastic Quad Flat Pack (PQFP) Package 


Pin Side View 


Notes: Pin 1 is marked for orientation. 
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avo 


PQFP Pin Designations (Functional Grouping) 


Pin Pin Pin Pin Pin Pin Pin Pin | Pin Pin Pin Pin 
Name _ No. Name _ No. Name No. Name No. veme v. Name No. 
A2 67 96 D6 = 13 V 64 


Ein Pin Pin Pin Pin Pin Pin Pin ay Pin Pin Pin 
Name | No. Name |No. Name No. Name Name} No. Name 
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LOGIC SYMBOL 


2X Clock 


Cae) Data Bus 


Address 


Bus Float 


Interrupt 
Control 


Bus 
Cycle 
Control 


Math 
Coprocessor 
Control 
Bus 
Cycle 
Definition 


HLDA 





Bus Arbitration 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of the elements below. 


A 80386DXL -33 


L OPTIONAL PROCESSING (PQFP Only) 


Valid Combinations 


A80386DXL 
NGS80386DXL 












ze 
~25 
~20 


-33F, -33S 
-~25F, -25S 
-20F, -20S 







None = Trimmed and Formed POFP in High Temp Trays 
F = Ringed POQFP in Horizontal Tubes 
S = Ringed POFP in Coin-Stack Tubes 


TEMPERATURE RANGE 
Blank = Commercial (Tesge = 0°C to +85°C for PGA) 
(Teage # 0°C to +100°C for POFP) 


SPEED OPTION 
—40 = 40 MHz 
—33 = 33 MHz 


—25 = 25 MHz 
—20 «= 20 MHz 


DEVICE NUMBER/DESCRIPTION 


80386DXL 
Am386DXL High-Performance, Low-Power, 32-Bit 
Microprocessor 


PACKAGE TYPE 
A = 132-Lead Ceramic Pin Grid Array (CGX 132) 
NG = 132-Lead Plastic Quad Flat Pack (PQ132, PQB132) 


Valid Combinations 


Valid Combinations lists configurations planned to 
be supported in volume for this device. All speeds 
may not be available in all package combinations. 
Consult the local AMD sales office to confirm 
availability of specific valid combinations and to 
check on newly released combinations. 
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PIN DESCRIPTION 

A31-—A2 

Address Bus (Outputs) 

Outputs physical memory or port I/O addresses. 


ADS 

Address Status (Active Low; Output) 

Indicates that_a valid bus cycle definition and address 
(W/R, D/C, M/lO, BEO, BE1, BE2, BE3, and A31—A2) are 
being driven at the Am386DXL microprocessor pins. 
BE3—-BE0O 

Byte Enables (Active Low; Outputs) 

Indicate which data bytes of the data bus take part ina 
bus cycle. 

BS16 

Bus Size 16 (Active Low; Input) 

Allows direct connection of 32-bit and 16-bit data buses. 


BUSY 

Busy (Active Low; Input) 

Signals a busy condition from a processor extension. 
CLK2 

Clock (Input) 

Provides the fundamental timing for the Am386DXL 
microprocessor. 

D31-—D0 

Data Bus (Inputs/Outputs) 

Inputs data during memory, I/O, and interrupt acknow- 
ledge read cycles and outputs data during memory and 
I/O write cycles. 

D/C 

Data/Control (Output) 

A bus cycle definition pin that distinguishes data cycles, 
either memory or I/O from control cycles which are: 
interrupt acknowledge, halt, and instruction fetching. 
ERROR 

Error (Active Low; Input) 

Signals an error condition from a processor extension. 
FLT 

Float (Active Low; Input) 


An input signal which forces all bi-directional and output 
Signals, including HLDA, to the three-state condition. 


FLT has an internal pull-up resistor, and if it is not used it 
should be unconnected. 

HLDA 

Bus Hold Acknowledge (Active High; Output) 
Indicates that the Am386DXL microprocessor has sur- 
rendered control of its local bus to another bus master. 
HOLD 

Bus Hold Request (Active High; input) 


Allows another bus master to request control of the local 
bus. 
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INTR 

interrupt Request (Active High; Input) 

A maskable input that signals the Am386DXL micropro- 
cessor to suspend execution of the current program and 
execute an interrupt acknowledge function. 

LOCK 

Bus Lock (Active Low; Output) 


A bus cycle definition pin that indicates that other sys- 
tem bus masters are denied access to the system bus 
while it is active. 


Mid 

Memory I/O (Output) 

A bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 

NA 

Next Address (Active Low; Input) 

Used to request address pipelining. 

NC 

No Connect 

Should always remain unconnected. Connection of a 
NC pin may cause the processor to malfunction or be 
incompatible with future steppings of the Am386DXL 
microprocessor. 

NMI 

Non-Maskable Interrupt Request 

(Active High; Input) 

A non-maskable input that signals the AmM386DXL mi- 
croprocessor to suspend execution of the current pro- 
gram and execute an interrupt acknowledge function. 
PEREQ 

Processor Extension Request (Active High; Input) 
Indicates that the processor extension has data to be 
transferred by the Am386DXL microprocessor. 
READY 

Bus Ready (Active Low; Input) 

Terminates the bus cycle. 

RESET 

Reset (Active High; Input) 

Suspends any operation in progress and places the 
Am386DXL microprocessor in a known reset state. 
Vec 

System Power (Active High; Input) 

Provides the +5-V nominal DC supply input. 

Vss 

System Ground (Input) 

Provides 0 V connection from which all inputs and out- 
puts are measured. 

wiR 

Write/Read (Output) 


Abus cycle definition pin that distinguishes write cycles 
from read cycles. 
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BASE ARCHITECTURE 


Introduction 


The Am386DXL microprocessor consists of a central 
processing unit, a memory management unit, and a bus 
interface. 


The central processing unit Consists of the execution 
unit and instruction unit. The execution unit contains 
the eight 32-bit general purpose registers that are used 
for both address calculation, data operations, and a 
64-bit barrel shifter used to speed shift, rotate, multiply 
and divide operations. The multiply and divide logic 
uses a 1-bit per cycle algorithm. The multiply algorithm 
stops the iteration when the most significant bits of 
the multiplier are all zero. This allows typical 32-bit 
multiplies to be executed in under 1 ms. The instruction 
unit decodes the instruction op-codes and stores them 
in the decoded instruction queue for immediate use by 
the execution unit. 


The Memory Management Unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability and efficient 
sharing. The paging mechanism operates beneath and 
is transparent to the segmentation process to allow 
management of the physical address space. Each 
segment is divided into one or more 4-Kb pages. To 
implement a virtual memory system, the AmM3886DXL 
microprocessor supports full restartability for all page 
and segment faults. 


Memory is organized into one or more variable length 
segments, each up to 4 Gb in size. Agiven region of the 
linear address space, a segment, can have attributes 
associated with it. These attributes include its location, 
size, type (i.e., stack, code or data), and protection 
characteristics. Each task on an Am386DXL micropro- 
cessor can have a maximum of 16,381 segments of up 
to 4 Gb each, thus providing 64 tb (trillion bytes) or 
virtual memory to each task. 


The segmentation unit provides four levels of protection 
for isolating and protecting applications and the 
operating system from each other. The hardware 
enforced protection allows the design of system with a 
high degree of integrity. 


The Am386DXL microprocessor has two modes of 
operation: Real Address Mode (Real Mode) and Pro- 
tected Virtual Address Mode (Protected Mode). In Real 
Mode, the Am386DXL device operates as a very fast 
8086 but with 32-bit extensions, if desired. Real Mode is 
required primarily to setup the processor for Protected 
Mode operation. Protected Mode provides address to 
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the sophisticated memory management, paging, and 
privilege capabilities of the processor. 


Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such tasks behaves with 8086 
semantics, thus allowing 8086 software (an application 
program or an entire operating system) to execute. The 
Virtual 8086 tasks can be isolated and protected from 
one another and the host Am386DXL microprocessor 
operating system by the use of paging and the I/O 
Permission Bitmap. 


Finally, to facilitate high-performance system hardware 
designs, the Am386DXL microprocessor bus interface 
offers address pipelining, dynamic data bus sizing, and 
direct Byte Enable signals for each byte of the data bus. 
These hardware features are described fully beginning 
in the Functional Data section. 


Register Overview 


The Am386DXL microprocessor has 32 register re- 
sources in the following categories. 


e General Purpose Registers 
e Segment Registers 

e Instruction Pointer and Flags 
e Control Registers 

e System Address Registers 

e Debug Registers 

e Test Registers 


The registers are a superset of the 8086, 80186, and 
80286 registers, so all 16-bit 80186 and 80286 
registers are contained within the 32-bit AmM386DXL 
microprocessor. 


Figure 1 shows all of AmM386DXL microprocessor base 
architecture registers that include the general address 
and data registers, the instruction pointer, and the flags 
register. The contents of these registers are task-spe- 
Cific, so these registers are automatically loaded with a 
new context upon a task switch operation. 


The base architecture also includes six directly accessi- 
ble segments, each up to 4 Gb in size. The segments 
are indicated by the selector values placed in 
Am386DXL CPU segment registers of Figure 1. Various 
selector values can be loaded as a program executes, if 
desired. 


The selectors are also task specific, so the segment reg- 
isters are automatically loaded with new context upon a 
task switch operation. 


The other types of registers Control, System Address, 
Debug, and Test are primarily used by system software. 
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Figure 1. Base Architecture Registers 


Register Descriptions 
General-Purpose Registers 


The eight general-purpose registers of 32 bits hold data 
or address quantities. The general registers, Figure 2, 
support data operands of 1, 8, 16, 32, and 64 bits and bit 
fields of 1 to 32 bits. They support address operands of 
16 and 32 bits. The 32-bit registers are named EAX, 
EBX, ECX, EDX, ESI, EDI, EBP, and ESP. 


The least significant 16 bits of the registers can be ac- 
cessed separately. This is done by using the 16-bit 
names of the registers AX, BX, CX, DX, SI, DI, BP, and 
SP. When accessed as a 16-bit operand, the upper 16 
bits of the register are neither used nor changed. 


Finally, 8-bit operations can individually access the 
lower byte (bits 7-0) and the higher byte (bits 15-8) of 
general purpose registers AX, BX, CX, and DX. The 
lower bytes are named AL, BL, CL, and DL, respec- 
tively. The higher bytes are named AH, BH, CH, and DH, 
respectively. The individual byte accessibility offers ad- 
ditional flexibility for data operations, but is not used for 
effective address calculation. 
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Figure 2. General Registers 
and Instruction Pointer 


Instruction Pointer 


The instruction pointer, Figure 2, is a 32-bit register 
named EIP. EIP holds the offset of the next instruction 
to be executed. The offset is always relative to the base 
of the code segment (CS). The lower 16 bits (bits 15-0) 
of EIP contain the 16-bit instruction pointer named IP, 
which is used by 16-bit addressing. 


Flags Register 


The Flags Register is a 32-bit register named EFLAGS. 
The defined bits and bit fields within EFLAGS shown in 
Figure 3 control certain operations and indicate status of 
the Am386DXL microprocessor. The lower 16 bits (bits 
15—0) of EFLAGS contain the 16-bit flag register named 
FLAGS, which is most useful when executing 8086 and 
80286 code. 


VM __ (Virtual 8086 Mode, bit 17) 


The VM bit provides Virtual 8086 Mode within Pro- 
tected Mode. If set while the Am386DXL micro- 
processor is in Protected Mode, the Am386DXL 
microprocessor will switch to Virtual 8086 opera- 
tion, handling segment loads as the 8086 does, 
but generating Exception 13 faults on privileged 
op-codes. The VM bit can be set only in Protected 
Mode by the IRET instruction (if current privilege 
level=0) and by task switches at any privilege 
level. The VM bit is unaffected by POPF. PUSHF 
always pushes a 0 in this bit, even if executing in 
virtual 8086 Mode. The EFLAGS image pushed 
during interrupt processing or saved during task 
switches will contain a 1 in this bit if the interrupted 
code was executing as a Virtual 8086 task. 


RF (Resume Fiag, bit 16) 


The RF flag is used in conjunction with the debug 
register breakpoints. It is checked at instruction 
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boundaries before breakpoint processing. When 
RF is set, it causes any debug fault to be ignored 
on the next instruction. RF is then automatically 
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instructions. Postincrement occurs if DF is reset. 
Postdecrement occurs if DF is set. 





reset at the successful completion of every in- IF (NTR Enable Flag, bit 9) 
struction (no faults are signaled) except the IRET The IF flag, when set, allows recognition of exter- 
instruction, the POPF instruction, (JMP, CALL, nal interrupts signaled onthe INTR pin. When IF is 
and INT instructions causing a task switch). These reset, external interrupts signaled on the INTR are 
instructions set RF to the value specified by the not recognized. IOPL indicates the maximum CPL 
memory image. For example, at the end of the value allowing alteration of the IF bit when new 
breakpoint service routine the IRET instruction values are popped into EFLAGS or FLAGS. 
can pop an EFLAGS image having the RF bit 
set and resume the program’s execution at the TF (Trap Enable Flag, bit 8) 
breakpoint address without generating another TF controls the generation of Exception 1 trap 
breakpoint fault on the same location. when single-stepping through code. When TF is 
; set, the Am386DXL microprocessor generates an 
NT (Nested Task, bit 14) Exception 1 trap after the next instruction is exe- 
This flag applies to Protected Mode. NT is set to cuted. When TF is reset, Exception 1 traps occur 
indicate that the execution of this task is nested only as a function of the breakpoint addresses 
within another task. If set, it indicates that the cur- loaded into debug register DR3—DRO. 
rent nested task’s Task State Segment (TSS) has 
a valid back link to the previous task’s TSS. This SF (Sign Flag, bit 7) 
bit is set or reset by control transfers to other SF is set if the high-order bit of the result is set; it is 
tasks. The value of NT in EFLAGS is tested by the reset otherwise. For 8-, 16-, 32-bit operations, SF 
IRET instruction to determine whether to do an reflects the state of bits 7, 15, 31, respectively. 
inter-task return or an intra-task return. A POPF . 
or an IRET instruction will affect the setting of this ZF (Zero Flag, bit 6) 
bit according to the image popped at any privilege ZF is set if all bits of the result are 0. Otherwise it is 
level. reset. 
IOPL (Input/Output Privilege Level, bits 12-13) AF (Auxiliary Carry Flag, bit 4) 
This two-bit field applies to Protected Mode. IOPL The Auxiliary Flag is used to simplify the addition 
indicates the numerically maximum CPL (current and subtraction of packed BCD quantities. AF is 
privilege level) value permitted to execute I/O set if the operation resulted in a carry out of bit 
instructions without generating an Exception 13 3 (addition) or a borrow into bit 3 (subtraction). 
fault or consulting the I/O Permission Bitmap. It Otherwise AF is reset. AF is affected by carry out 
also indicates the maximum CPL value allowing of, or borrow into bit 3 only, regardless of overall 
alteration of the IF (INTR Enable Flag) bit when operand length: 8, 16, or 32 bits. 
new values are popped into the EFLAGS register. 
POPF and IRET instruction can alter the 1OPL i sany eee awe) 
field when executed at CPL=0. Task switches PF is set if the low-order 8 bits of the operation 
can always alter the IOPL field when the new flag contain an even number of 1s (even parity). PF is 
image is loaded from the incoming task's TSS. reset if the low-order 8 bits have odd parity. PFisa 
: function of only the low-order 8 bits, regardless of 
OF (Overflow Flag, bit 11) operand size. 
OD is set if the operation resulted in a signed over- 
flow. Signed overflow occurs when the operation sad vay neg ae 
resulted in carry/borrow into the sign bit (high- CF is set if the operation resulted in a carry out 
order bit) of the result but did not result in a carry/ of (addition) or a borrow into (subtraction) the 
borrow out of the high-order bit or vice-versa. For high-order bit. Otherwise CF is reset. For 8-, 16-, 
8-, 16-, 32-bit operations, OF is set according to or 32-bit operations, CF is set according to carry/ 
overflow at bits 7, 15, 31, respectively. borrow at bits 7, 15, or 31, respectively. 
DF (Direction Flag, bit 10) Note in these descriptions, set means set to 1 and reset 
means reset to 0. 
DF defines whether ESI and/or EDI registers 
postdecrement or postincrement during the sg 
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FLAGS 
4. °° °° 
33222222 222111 11141 
1098 76543210987 § 432 9 8 2 


az 


EFLAGS | Reserved for Future Use | Reserved for Future Use Future Use 


Direction Flag 
Interrupt Enable 


IOP} O 
LIF 


Virtual ode fT [ti cay Flag 
Resume Flag Parity Flag 
Nested Task Flag Auxiliary Carry 
I/O Privilege Level Zero Flag 

Overflow Sign Flag 
irecti Trap Flag 


1 
0 


Note: 0 indicates “Reserved for Future Use.” Do not define; see Section Compatibility. 
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Figure 3. FLAGS Registers 
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Figure 4. Segment Registers and Associated Descriptor Registers 


Segment Registers 


Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. Segment registers are shown in Figure 4. In 
Protected Mode, each segment may range in size from 
one byte up to the entire linear and physical space of the 
machine, 4 Gb (2**bytes). If a maximum sized segment 
is used (limit = FFFFFFFFH) it should be Dword aligned 
(i.e., the least two significant bits of the segment base 
should be zero). This will avoid a segment limit violation 
(Exception 13) caused by the wrap around. In Real Ad- 
dress Mode, the maximum segment size is fixed at 
64 Kb (2' bytes). 


The six segments addressable at any given moment are 
defined by the segment registers: CS, SS, DS, ES, FS, 
and GS. The selector in SS indicates the current stack 


segment; the selectors in DS, ES, FS, and GS indicate 
the current data segments. 


Segment Descriptor Registers 


The segment descriptor registers are not programmer 
visible, yet it is very useful to understand their content. 
Inside the AmM386DXL microprocessor, a descriptor 
register (programmer invisible) is associated with each 
programmer-visible segment register, as shown by Fig- 
ure 4. Each descriptor register holds a 32-bit segment 
base address, a 32-bit segment limit, and the other nec- 
essary segment attributes. 


When a selector value is loaded into a segment register, 
the associated descriptor register is automatically up- 
dated with the correct information. In Real Address 
Mode, only the base address is updated directly (by 
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shifting the selector value four bits to the left), since the 
segment maximum limit and attributes are fixed in Real 
Mode. In Protected Mode, the base address, the limit, 
and the attributes are all updated per the contents of the 
segment descriptor indexed by the selector. 


Whenever a memory reference occurs, the segment de- 
scriptor register associated with the segment being 
used is automatically involved with the memory refer- 
ence. The 32-bit segment base address becomes a 
component of the linear address calculation, the 32-bit 
limit is used for the limit-check operation, and the attrib- 
utes are checked against the type of memory reference 
requested. 


Control Registers 


The Am386DXL microprocessor has three control regis- 
ters of 32 bits: CRO, CR2, and CR3 to hold machine 
state of a global nature (not specific to an individual 
task). These registers, along with System Address Reg- 
isters described in the next section, hold machine state 
that affects all tasks in the system. To access the Con- 
trol Registers, load and store instructions are defined. 


CRO: Machine Control Register (Includes 80286 
Machine Status Word) 


CRO, shown in Figure 5, contains 6 defined bits for con- 
trol and status purposes. The low-order 16 bits of CRO 
are also known as the Machine Status Word (MSW) for 
compatibility with 80286 Protected Mode. LMSW and 
SMSW instructions are taken as special aliases of the 
load and store CRO operations, where only the low- 
order 16 bits of CRO are involved. For compatibility with 
80286 operating systems, the AmM386DXL microproces- 
sor LMSW instructions work in an identical fashion to 

the LMSW instruction on the 80286 (i.e., it only operates 
on the low-order 16 bits of CRO and it ignores the new 
bits inCR0O). New Am386DXL microprocessor operating 
systems should use the MOV CRO, Reg instruction. 


The defined CRO bits are described below. 
PG (Paging Enable, bit 31) 


The PG bit is set to enable the on-chip paging unit. 
It is reset to disable the on-chip paging unit. 


31 24|23 16|15 8 |7 0 
P T 
G S 


TS 


EM 


MP 


PE 


(Reserved, bit 4) 


This bit is Reserved for Future Use. When loading 
CRO care should be taken to not alter the value of 
this bit. 


(Task Switched, bit 3) 


TS is automatically set whenever a task switch 
operation is performed. If TS is set, a coprocessor 
ESCape op-code will cause a Coprocessor Not 
Available trap (Exception 7). The trap handler 
typically saves a 387DX math coprocessor con- 
text belonging to a previous task, loads a 387DX 
math coprocessor state belonging to the current 
task, and clears the TS bit before returning to the 
faulting coprocessor op-code. 


(Emulate Coprocessor, bit 2) 


The Emulate coprocessor bit is set to cause ail 
coprocessor op-codes to generate a Coprocessor 
Not Available fault (Exception7). It is reset to allow 
coprocessor op-codes to be executed on an ac- 
tual 387DX math coprocessor (this is the default 
case after reset). Note that the WAIT op-code is 
not affected by the EM bit setting. 


(Monitor Coprocessor, bit 1) 


The MP bit is used in conjunction with the TS bit to 
determine if the WAIT op-code will generate a 
Coprocessor Not Available fault (Exception 7) 
when TS=1. When both MP=1 and TS =1, the 
WAIT op-code generates a trap. Otherwise, 
the WAIT op-code does not generate a trap. Note 
that TS is automatically set whenever a task 
switch operation is performed. 


(Protection Enable, bit 0) 


The PE bit is set to enable the Protected Mode. If 
PE is reset, the processor operates again in Real 
Mode. PE may be set by loading MSW or CRO. PE 
can be reset only by a load into CRO. Resetting 
the PE bit is typically part of a longer instruction 
sequence needed for proper transition from Pro- 
tected Mode to Real Mode. Note that for strict 
80286 compatibility, PE cannot be reset by the 
LMSW instruction. 


CRO 





MSW 


Note: 0 indicates “Reserved for Future Use.” Do not define; see Section Compatibility. 


Figure 5. Control Register 0 
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CR1: Reserved 


CR1 is reserved for future processors. 
CR2: Page Fault Linear Address 


CR2, shown in Figure 6, holds the 32-bit linear address 
that caused the last page fault detected. The error code 
pushed onto the page fault handler’s stack when it is in- 
voked provides additional status information on this 
page fault. 


CR3: Page Directory Base Address 


CR3, shown in Figure 6, contains the physical base 
address of the page directory table. The Am386DXL 
microprocessor page directory table is always page- 
aligned (4 Kb-aligned). Therefore the lowest 12 bits 
of CR3 are ignored when written and they store as 
undefined. 


A task switch through a TSS that changes the value in 
CR3, or an explicit load into CR3 with any value, will in- 
validate all cached page table entries in the paging unit 
cache. Note that if the value in CR3 does not change 
during the task switch, the cached page table entries are 
not flushed. 


System Address Registers 


Four special registers are defined to reference the ta- 
bles or segments supported by the 80286 CPU and 
Am386DXL microprocessor protection model. These 
tables or segments are: 
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GDT (Global Descriptor Table); 
IDT (Interrupt Descriptor Table); 
LDT (Local Descriptor Table); 
TSS (Task State Segment). 


The addresses of these tables and segments are stored 
in special registers, the System Address and System 
Segment Registers illustrated in Figure 7. These regis- 
ters are named GDTR, IDTR, LDTR, and TR, respec- 
tively. The Protected Mode Architecture section de- 
scribes the use of these registers. 


GDTR and IDTR 
These registers hold the 32-bit linear base address and 
16-bit limit of the GDT and IDT, respectively. 


The GDT and IDT segments, since they are global to all 
tasks in the system, are defined by 32-bit linear ad- 
dresses (subject to page translation if paging is en- 
abled) and 16-bit limit values. 


LDTR and TR 


These registers hold the 16-bit selector for the LDT 
descriptor and the TSS descriptor, respectively. 


The LDT and TSS segments, since they are task- 
specific segments, are defined by selector values stored 
in the system segment registers. Note that a segment 
descriptor register (programmer-invisible) is associated 
with each system segment register. 










Page Fault Linear Address Register CR2 
Page Directory Base Register /o|o}o}o}o}0|0|ofolo}o} 0 CR3 
Note: 0 indicates “Reserved for Future Use.” Do not define; see Section Compatibility. 
15021B-—009 
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Figure 7. System Address and System Segment Registers 
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Debug and Test Registers 


Debug Registers: The six programmer accessible de- 
bug registers provide on-chip support for debugging. 
Debug Registers DR3—DRO specify the four linear 
breakpoints. The Debug Control Register DR7 is used 
to set the breakpoints, and the Debug Status Register 
DR6 displays the current state of the breakpoints. The 
use of the debug registers is described in the Debugging 
Support section. 


Test Registers: Two registers are used to control the 
testing of the RAM/CAM (Content Addressable Memo- 
ries) inthe Translation Look-Aside Buffer portion of the 
Am386DXL microprocessor. TR6 is the command test 
register, and TR7 is the data register that contains the 
data of the Translation Look-Aside buffer test. Their use 
is discussed in the Testability section. Figure 8 shows 
the Debug and Test registers. 


Debug Registers 

31 ai 0 
Linear Breakpoint Address 0 DRO 

Linear Breakpoint Address 1 DR1 


Linear Breakpoint Address 2 DR2 







Linear Breakpoint Address 3 DR3 


Reserved for Future use. Do not define DR4 


Reserved for Future use. Do not define DR5 
Breakpoint Status DR6 
Breakpoint Control DR7 


31 Test Registers (For Page Cache) ‘ 


[Test Control ——SCS~=*~diTG 
TRI 
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Figure 8. Debug and Test Registers 


Register Accessibility 


There are a few differences regarding the accessibility 
of the registers in Real and Protected Mode. Table 1 
summarizes these differences. See the Protected Mode 
Architecture section for further details. 


Compatibility 


VERY IMPORTANT NOTE: 
COMPATIBILITY WITH FUTURE PROCESSORS 


In the preceding register descriptions, note certain 
Am386DXL microprocessor register bits are Reserved 
for Future Use. When reserved bits are called out, treat 
them as fully undefined. This is essential for your soft- 
ware compatibility with future processors! Follow the 
guidelines below: 


1. Do not depend on the state of any undefined bits 
when testing the values of defined register bits. 
Mask them out when testing. 


2. Do not depend on the state of any undefined bits 
when storing them to memory or another register. 


3. Do not depend on the ability to retain information 
written into any undefined bits. 


4. When loading registers always load the undefined 
bits as zeros. 


5. However, registers which have been previously 
stored may be reloaded without masking. 


Depending upon the values of undefined register bits 
will make your software dependent upon the unspeci- 
fied AmM386DXL microprocessor handling of these bits. 
Depending on undefined values risks making your soft- 
ware incompatible with future processors that define us- 
ages for the Am386DXL CPU undefined bits. Avoid any 
software dependence upon the state of undefined 
Am386DXL CPU register bits. 


Table 1. Register Usage 
Use In Use In Use In 
Genoral Registers Yes 
Segment Registers Yes Yes 
Flag Registers | Yes | ves | Yes | Yes (OPL 
Control Registers PL=0 | PL=0 | No | Yes 
GDTR pL=o | ves | No | Yes 
DTR [ves | ves | PL-0 | ves | No | ves 
LOTR [No [ No | Pl-0 | Yes | No_| No 
TR [Nef Nef PL=0 | ves | No | No 
Debug Control | PL =0 PL=0 {| No | No 
Test Registers Yes PL=O0 {| PL=0 | No | No 


Notes:PL = 0: The registers can be accessed only when the current privilege level is zero. 
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Instruction Set 


Instruction Set Overview 


The instruction set is divided into nine categories of 
operations. 


Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation 

Control Transfer 

High Level Language Support 
Operating System Support 
Processor Control 


These Am3886DXL microprocessor instructions are 
listed in Table 2. 


All Am3886DXL microprocessor instructions operate on 
either 0, 1, 2, or 3 operands where an operand resides 
in a register in the instruction itself or in memory. Most 
zero operand instructions (e.g., CLI, STI) take only one 
byte. One operand instructions generally are two bytes 
long. The average instruction is 3.2-bytes long. Since 
the AM386DXL device has a 16-byte instruction queue, 
an average of 5 instructions will be prefetched. The use 
of two operands permits the following types of common 
instructions. 


Register to Register 
Memory to Register 
Immediate to Register 
Register to Memory 
Immediate to Memory 


The operands can be either 8-, 16-, or 32-bits long. Asa 
general rule, when executing code written for the 
Am386DXL microprocessor (32-bit code), operands are 
8 or 32 bits; when executing existing 80286 or 8086 
code (16-bit code), operands are 8 or 16 bits. Prefixes 
can be added to instructions that override the default 
length of the operands (i.e., use 32-bit operands for 
16-bit code or 16-bit operands for 32-bit code). 


Addressing Modes 


Addressing Modes Overview 


The Am386DXL microprocessor provides a total of 11 
addressing modes for instructions to specify operands. 
The addressing modes are optimized to allow the effi- 
cient execution of high-level languages such as C and 
FORTRAN, and they cover the vast majority of data ref- 
erences needed by high-level languages. 
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Register and immediate Modes 


Two of the addressing modes provide for instructions 
that operate on register or immediate operands: 


Register Operand Mode: The operand is located in 
one of the 8-, 16-, or 32-bit general registers. 


immediate Operand Mode: The operand is included in 
the instruction as part of the op-code. 


32-Bit Memory Addressing Modes 


The remaining nine modes provide a mechanism for 
specifying the effective address of an operand. The lin- 
ear address consists of two components: the segment 
base address and an effective address. The effective 
address is calculated by using combinations of the fol- 
lowing four address elements. 


Displacement: An 8- or 32-bit immediate value follow- 
ing the instruction. 


Base: The contents of any general-purpose register. 
The Base registers are generally used by compilers to 
point to the start of the local variable area. 


Index: The contents of any general-purpose register ex- 
cept for ESP. The Index registers are used to access the 
elements of an array, or a string of characters. 


Scale: The index register’s value can be multiplied by a 
scale factor either 1, 2, 4, or 8. Scaled index mode is es- 
pecially useful for accessing arrays or structures. 
Combinations of these 4 components make up the 9 
additional addressing modes. There is no performance 
penalty for using any of these addressing combinations, 
since the effective address calculation is pipelined with 
the execution of other instructions. 


The one exception is the simultaneous use of Base and 
Index components that requires one additional clock. 


As shown in Figure 9, the effective address (EA) of 
an operand is calculated according to the following 
formula. 


EA = Base Reg + (Index Reg- Scaling) + Displacement 


Direct Mode: The operand's offset is contained as part 
of the instruction as an 8-, 16-, or 32-bit displacement. 


EXAMPLE: INC Word PTR [500] 


Register Indirect Mode: A Base register contains the 
address of the operand. 


EXAMPLE: MOV [ECX], EDX 


Based Mode: A Base register’s contents is added to a 
Displacement to form the operands offset. 


EXAMPLE: MOV ECX, [EAX + 24] 
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Table 2a. Data Transfer 


[_“eenerai Purpose 
MOV [Moveopernd SS 
PUSH 
PUSHA] Push all registers onstack 
POPA 


XCHG 


XLAT 
[Move byte or Word, Dword with zero extension | 
MOVS 

W 





QO 
<= 
N 
<j x< 


Q 
= 
w) 


QO 
B 
\e) 


2) 
s) 
O 


OUT 
Load effective address 


rm 
m 
5 






[— 
oO 
” 


rm 
m 
E 


r 
"I 
” 


LGS 


LAH 
SAHF 
PUSH 
PPOPF | Poptags off stack 
PUSHFD 
POPFD 
cic 
cL 
OMG 
STC 
S10 


— 
n 
GE 










1-216 












Exchange operand register ! 


E | Convert Word to Dword extended ! 


Load pointer into F segment register : 


Table 2b. Arithmetic Instructions 


[Addoperands—SSCSC~*Y 
increment operendbyi CS 


Decrement operand by 1 


Negate operand 
Compare operands 


Decimal adjust for subtraction 


ASCII adjust for subtraction 


Multiplication 
U Multiply Double/Single Precision 
L Integer multiply 


ASCIl adjust after multiply 


Division 
Divide unsigned 
Integer divide 


ASCII adjust before division 











> 
=) 
Oo 


INC 


all 


” 
Cc 
ow 


8 
w 
Ww 


oO 
m 
Q 


S| S12) mi 
| | 3] oO 


= 
ae 


= 
= 


i 
= 







IDIV 
D 


> 


9 
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Table 2c. String Instructions 


MOVS | Move byte or Word, Dword string 


INS | 7 











[input sting tom VO spaced 
OUTS 
ONPS 
SCAS 
LODS 


Scan Byte or Word, Dword string 
STOS 


[Store byte or Word, Dword sing 
[Rope 
REPE/ 


REPZ | Repeat while equal/zero 
RENE/ 
REPNZ | Repeat while not equal/not zero 
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Table 2d. Logical Instructions 


Logicals 

NOT “NOT” operand 

AND “AND” operands 

“Inclusive OR” operands 

“Exclusive OR” operands 

TEST 
SHL/SHR_§ | Shift logical left or right 
SAL/SAR_ | Shift arithmetic left or right 


SHLD/ 
SHRD Double shift left or right 


ROL/ROR | Rotate left/right 
RCL/RCR | Rotate through carry left/right 


Table 2e. Bit Manipulation Instructions 


Single Bit Instructions | 


Bit Test 
Bit Test and Set 
















Bit Scan Forward 
Bit Scan Reverse 


Table 2f. Program Control Instructions 


SETOO 
IRAINBE 
JAEAINB 
JBUNAE 
TBEANA 
10 
JEAZ 
IGINLE 
IGEWNL 
LANGE 
TLEWNG 
INC 
INEANZ 
INO 
INPUPO 
INS 
20 
PAPE 
IS [dumpitsin 
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Table 2f. Program Control Instructions 
(continued) 


Unconditional Transfers | 
CALL | Call procedure/task | 
RET Return from procedure 


Iteration Controls 













[OOP 
LOOPE/ 
LOOPZ Loop if equal/zero 


LOOPNE/ 


LOOPNZ | Loop if not equal/not zero 


JCXZ JUMP if register CX =0 


Interrupts 
INTO Interrupt if overflow 
IRET Return from interrupt/task 
CLI Clear interrupt enable 
STI Set interrupt enable 


Table 2g. High Level Language Instructions 


BOUND Check array bounds 
ENTER | Setup parameter block for entering procedure 
LEAVE [Leave procedure 


Table 2h. Protection Model 


[Store local descrpiortable SSS 
[Load global descriptor table 


Load segment limit 


Verify segment for reading or writing 


Load machine status word (lower 16 bits — 
of CRO) 


Store machine status word 







=| 




















SGDT 

SIDT _ 
STR 

| SLDT 
LGDT 
LIDT 
LTR 
LLDT 
ARPL 
LAR 

| LSL 


| VERR/ 
VERW 


LMSW 









SMSW 


Table 2i. Processor Control Instructions 


HLT | Hat 


WAIT Wait until BUSY negated 
ESC 


LOCK Lock Bus 
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Index Mode: An Index register’s contents is added to a 
Displacement to form the operands offset. 


EXAMPLE: ADD EAX, TABLE [ESI] 

Scaled Index Mode: An Index register’s contents is mul- 
tiplied by a scaling factor that is added to a Displace- 
ment to form the operands offset. 

EXAMPLE: IMUL EBX, TABLE [ESI 4], 7 

Based Index Mode: The contents of a Base register is 


added to the contents of an Index register to form the 
effective address of an operand. 


EXAMPLE: MOV EAX, [ESI] [EBX] 


Based Scaled Index Mode: The contents of an Index 
register is multiplied by a Scaling factor and the result is 
added to the contents of a Base register to obtain the 
operands offset. 


EXAMPLE: MOV ECX, [EDX « 8] [EAX] 


Segment Registers 





Descriptor Registers 


Access Rights SS 
Access Rights GS 


| | Access Fiohis FS 


| Access Rights ES 


Access de DS 


H [acs rigs oS 


int | 
Base Address 










Based Index Mode with Displacement: The contents of 
an Index Register and a Base register’s contents and a 
Displacement are all summed together to form the 
operand offset. 


EXAMPLE: ADD EDX, [ESI] [EBP + OOFFFFFOH) 


Based Scaled Index Mode with Displacement: The con- 
tents of an Index register are multiplied by a Scaling fac- 
tor, the result is added to the contents of a Base register 
and a Displacement to form the operand’s offset. 


EXAMPLE: MOV EAX, LOCALTABLE[EDI ¢ 4] [EBP + 80] 


Index Register 


Scale 

1,2, 4,or8 
Displacement 
(In Instruction) 









Effective Segment 
Address W7 
Linear 
aie 
| ‘TargetAddress | | ‘TargetAddress | 
Selected 
Segment 
| Segment Base Address | Base Address 
15021B-012 


Figure 9. Addressing Mode Calculations 
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Differences Between 16- and 32-Bit Addresses 


In order to provide software compatibility with the 80286 
and the 8086, the Am386DXL microprocessor can exe- 
cute 16-bit instructions in Real and Protected Modes. 
The processor determines the size of the instructions it 
is executing by examining the D bit in the CS segment 
descriptor. If the D bit is 0 then all operand lengths and 
effective addresses are assumed to be 16 bits long. If 
the D bit is 1 then the default length for operands and 
addresses is 32 bits. In Real Mode, the default size for 
operands and addresses is 16 bits. 


Regardless of the default precision of the operands or 
addresses, the AmM386DXL microprocessor is able to 
execute either 16- or 32-bit instructions. This is specified 
via the use of override prefixes. Two prefixes, the Oper- 
and Size Prefix and the Address Length Prefix, override 
the value of the D bit on an individual instruction basis. 


Example: The processor is executing in Real Mode and 
the programmer needs to access the EAX registers. The 
assembler code for this might be MOV EAX, 32-bit 
MEMORYOP. An assembler automatically determines 
that an Operand Size Prefix is needed and generates tt. 


Example: The D bit is 0, and the programmer wishes to 
use Scaled Index addressing mode to access an array. 
The Address Length Prefix allows the use of MOV DX, 
TABLE [ESle2]. The assembler uses an Address 
Length Prefix, since with D=0, the default addressing 
mode is 16 bits. 


Example: The D bit is 1, and the program wants to store 
a 16-bit quantity. The Operand Length Prefix is used to 
specify only a 16-bit value: MOV MEM16, DX. 


The Operand Length and Address Length prefixes can 
be applied separately or in combination to any instruc- 
tion. The Address Length Prefix does not allow ad- 
dresses over 64 Kb to be accessed in Real Mode. A 
memory address that exceeds FFFFH will result in a 
General Protection Fault. An Address Length Prefix only 
allows the use of the additional AmM386DXL micropro- 
cessor addressing modes. 


When executing 32-bit code, the Am386DXL micropro- 
cessor uses either 8- or 32-bit displacements, and any 
register can be used as base or index registers. When 
executing 16-bit code, the displacements are either 8 or 
16 bits, and the base and index register conform to the 
80286 model. Table 3 illustrates the differences. 





Data Types 


The Am3886DXL microprocessor supports all of the data 
types commonly used in high-level languages. 


Bit: A single bit quantity. 


Bit Field: Agroup of up to 32 contiguous bits that spans a 
maximum of four bytes. 


Bit String: A set of contiguous bits on the Am386DXL 
microprocessor bit strings can be up to 4 Gb long. 


Byte: A signed 8-bit quantity. 
Unsigned Byte: An unsigned 8-bit quantity. 
Integer (Word): A signed 16-bit quantity. 


Long Integer (Double Word): A_ signed 32-bit 
quantity. All operations assume a 2’s complement 
representation. 


Unsigned Integer (Word): An unsigned 16-bit quantity. 
Unsigned Long Integer (Double Word): An unsigned 
32-bit quantity. 

Signed Quad Word: A signed 64-bit quantity. 
Unsigned Quad Word: An unsigned 64-bit quantity. 


Offset: A 16- or 32-bit offset only quantity that indirectly 
references another memory location. 


Pointer: A full pointer which consists of a 16-bit segment 
selector and either a 16- or 32-bit offset. 


Char: A byte representation of an ASCII alphanumeric 
or control character. 


String: A contiguous sequence of bytes, words or 
Dword. A string may contain between 1 byte and 4 Gb. 


BCD: A byte (unpacked) representation of decimal 
digits 0-9. 


Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in each nibble. 


When the Am386DXL microprocessor is coupled witha 
387DX math coprocessor then the following common 
Floating Point types are supported. 


Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. Floating point numbers are supported 
by a 387DX compatible math coprocessor. 


Figure 10 illustrates the data types supported by the 
Am386DXL microprocessor and a 387DX compatible 
math coprocessor. 


Table 3. Base and Index Registers for 16- and 32-Bit Addresses 


16-Bit Addressing 32-Bit Addressing 
Base Register BX, BP Any 32-bit GP Register 
Index Register Si, DI Any 32-bit GP Register 
Except ESP 
Scale Factor None 1,2, 4, 8 
Displacement 0, 8, 16 bits 





0, 8, 32 bits 
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7 0 7 0 
Signed Unsigned 
Byte Byte 
Sign Bit JL | eee 
Magnitude Magnitude 


15 14 


15 a 0 0 
Signed Unsigned 
Word Word 
ed 


Sign Bit J ,-MSB Ss rl 
ee Magnitude 


31 +8 +2 16 15 +1 0 0 


Signed 
Double 
Word 


Sign Bit 4 LusB 
Magnitude 


31 +3 +2 16 15 
Unsigned 
Double 
Word 
Magnitude 


63 +7 +6 4847 +5 +4 3231 +3 +2 16 15 


Signed 
Quad 
Word 


Sign Bit 4, LMsB 


Magnitude 
7 +N 0 7 +1 07 0 0 
Binary 
Coded ece 
(BCD) BCD Digit N BCD Digit 1 BCD Digit 0 


7 +N 0 7 +1 07 0 0 
eee 


ASCIll Character N ASCIll Character 1 ASCII Character 0 


7 +N 0 7 +1 07 0 0 
Packed ece 
BCD 


Most Significant Digit Least Significant Digit 


715 +N 715+ 0 7/15 


Byte 
String 


15021B-013 


Figure 10. Supported Data Types 
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+2 Gbits 
210 
Bit 
String 
Bit O 
+3 +2 +1 0 0 


Short 
32-Bit 
Pointer 





47 
Long 
48-Bit 
Pointer 
Da 


Selector Offset 
+9 +8 +7 +6 +5 +4 +3 +2 +1 0 0 


79 
Floating 
Point’ 


Sign Bit | 


Exponent Magnitude 


+5 +4 +3 +2 +1 0 


32-Bit 
Bit Field 


a) BI 
1 to 32 Bits 


*Supported by 387DX-compatible math coprocessor. 15021B-013 


Figure 10. Supported Data Types (continued) 
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Memory Organization 


Introduction 


Memory on the Am386DXL microprocessor is divided 
up into 8-bit quantities (Bytes), 16-bit quantities 
(Words), and 32-bit quantities (Dword). Words are 
stored in two consecutive bytes in memory with the low- 
order byte at the lowest address, the high-order byte at 
the highest address. Dwords are stored in four consecu- 
tive bytes in memory with the low-order byte at the low- 
est address, the high-order byte at the highest address. 
The address of a word or Dword is the byte address of 
the low-order byte. 


In addition to these basic data types, the Am386DXL 
microprocessor supports two larger units of memory: 
pages and segments. Memory can be divided up into 
one or more variable length segments, which can be 
swapped to disk or shared between programs. Memory 
can also be organized into one or more 4-Kb pages. 
Finally, both segmentation and paging can be com- 
bined, gaining the advantages of both systems. The 
Am386DXL microprocessor supports both pages and 
segments in order to provide maximum flexibility to the 
system designer. Segmentation and paging are com- 
plementary. Segmentation is useful for organizing 
memory in logical modules, and as such is a tool for the 
application programmer, while pages are useful for the 
system programmer for managing the physical memory 
of a system. 


Address Spaces 


The Am386DXL microprocessor has three distinct 
address spaces: logical, linear, and physical. A logical 


Effective Address Calculation 


index 


Scale 
1,2, 4,8 


130 Effective Address 
15 2 0 
R Logical or Segmentation 
Selector P r Virtual Address Unit 
L 
: Descriptor Index 
Segment Register 





address (also known as a virtual address) consists of a 
selector and an offset. A selector is the contents of a 
segment register. An offset is formed by summing all of 
the addressing components (Base, Index, Displace- 
ment) discussed in Section Memory Address Modes 
into an effective address. Since each task on 
Am386DXL CPU has a maximum of 16K (2'4-1) selec- 
tors, and offsets can be 4 Gb (2 bits), this gives a total 
of 2“ bits or 64 tb of logical address space per task. The 
programmer sees this virtual address space. 


The segmentation unit translates the logical address 
space into a 32-bit linear address space. If the paging 
unit is not enabled then the 32-bit linear address corre- 
sponds to the physical address. The paging unit trans- 
lates the linear address space into the physical address 
space. The physical address is what appears on the 
address pins. 


The primary difference between Real Mode and Pro- 
tected Mode is how the segmentation unit performs the 
translation of the logical address into the linear address. 
In Real Mode, the segmentation unit shifts the selector 
left four bits and adds the result to the offset to form 
the linear address. While in Protected Mode, every se- 
lector has a linear base address associated with it. The 
linear base address is stored in one of two operating 
system tables (i.e., the Local Descriptor Table or Global 
Descriptor Table). The selector’s linear base address is 
added to the offset to form the final linear address. 


Figure 11 shows the relationship between the various 
address spaces. 


BE3-BEO 
A31-A2 


Physical 
Memory 


32 Paging Unit 32 


(Optional Use) 





Linear 
Address 


Physical 
Address 


15021B-014 


Figure 11. Address Translation 





1-222 


Am386DXL Microprocessor 








Segment Register Usage 


The main data structure used to organize memory is the 
segment. On the Am386DXL microprocessor, seg- 
ments are variable sized blocks of linear addresses that 
have certain attributes associated with them. There are 
two main types of segments: code and data. The seg- 
ments are of variable size and can be as small as 1 byte 
or as large as 4 Gb (2 bytes). 


In order to provide compact instruction encoding and in- 
crease processor performance, instructions do not need 
to explicitly specify which segment register is used. A 
default segment register is automatically chosen ac- 
cording to the rules of Table 4 (Segment Register Selec- 
tion Rules). In general, data references use the selector 
contained in the DS register; Stack references use the 
SS register; and Instruction fetches use the CS register. 
The contents of the Instruction Pointer provides the off- 
set. Special segment override prefixes allow the explicit 
use of agivensegment register, and override the implicit 
rules listed in Table 4. The override prefixes also allow 
the use of the ES, FS, and GS segment registers. 


There are no restrictions regarding the overlapping of 
the base addresses of any segments. Thus, all 6 seg- 
ments could have the base address set to zero and 
create a system with a 4-Gb linear address space. This 
creates a system where the virtual address space is the 
same as the linear address space. Further details of 
segmentation are discussed in Section Protected Mode 
Architecture. 
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/O Space 


The Am386DXL microprocessor has two distinct physi- 
cal address spaces: Memory and I/O. Generally, periph- 
erals are placed in I/O space although the AmM386DXL 
CPU also supports memory-mapped peripherals. The 
I/O space consists of 64 Kb, it can be divided into 64K 
8-bit ports, 32K 16-bit ports, or 16K 32-bit ports, or any 
combination of ports that add up to less than 64 Kb. The 
64K I/O address space refers to physical memory rather 
than linear address since 1/O instructions do not go 
through the segmentation or paging hardware. The 
M/IO pin acts as an additional address line, thus allow- 
ing the system designer to easily determine which ad- 
dress space the processor is accessing. 


The I/O ports are accessed via the IN and OUT I/O in- 
structions, with the port address supplied as an immedi- 
ate 8-bit constant in the instruction or in the DX register. 
All 8- and 16-bit port addresses are zero extended on 
the upper address lines. The I/O instructions cause the 
M/IO pin to be driven Low. 


I/O port addresses 0OF8H through OOF FH are reserved. 


Interrupts 
interrupts and Exceptions 


Interrupts and exceptions alter the normal program 
flow, in order to handle external events, to report errors 
or exceptional conditions. The difference between 
interrupts and exceptions is that interrupts are used to 


Table 4. Segment Register Selection Rules 


Type of 
Memory Reference 


Code Fetch 


Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 


Source of POP, POPA, POPF, 
IRET, RET Instructions 


Destination of STOS, MOVS, REP 
STOS, REP MOVS Instructions 
(Di is Base Register) 


Other Data References with 
Effective Address Using Base 
Register of: 

[EAX] 

[EBX] 

[ECX] 

[EDX] 

[ESI] 

[EDI] 

[EBP] 

[ESP] 
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Implied (Default) 
—— Use 





Segment Override 
Prefixes Possible 


None 


None 


None 


CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
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handle asynchronous external events while exceptions 
handle instruction faults. Although a program can gen- 
erate a software interrupt via an INT n instruction, the 
processor treats software interrupts as exceptions. 


Hardware interrupts occur as the result of an external 
event and are classified into two types: maskable or 
non-maskable. Interrupts are serviced after the execu- 
tion of the current instruction. After the interrupt handler 
is finished servicing the interrupt, execution proceeds 
with the instruction immediately after the interrupted in- 
struction. The differences between the interrupts are 
discussed in Sections Maskable Interrupt and Non- 
Maskable Interrupt. 


Exceptions are classified as faults, traps, or aborts de- 
pending on the way they are reported, and whether or 
not restart of the instruction causing the exception is 
supported. Faults are exceptions that are detected and 
serviced before the execution of the faulting instruction. 
A fault would occur in a virtual memory system, when 
the processor referenced a page or a segment that was 
not present. The operating system would fetch the page 
or segment from disk, and then the Am386DXL 
microprocessor would restart the instruction. Traps are 
exceptions that are reported immediately after the exe- 
cution of the instruction that caused the problem. User 
defined interrupts are examples of traps. Aborts are 


exceptions that do not permit the precise location of the 
instruction causing the exception to be determined. 
Aborts are used to report severe errors, such as a hard- 
ware error or illegal values in system tables. 


Thus, when an interrupt service routine has been com- 
pleted, execution proceeds from the instruction immedi- 
ately following the interrupted instruction. On the other 
hand, the return address from an exception fault routine 
will always point at the instruction causing the exception 
and include any leading instruction prefixes. Table 5 
summarizes the possible interrupts for the Am386DXL 
microprocessor and shows where the return address 
points. 


The Am386DXL microprocessor has the ability to han- 
die up to 256 different interrupts/exceptions. In order to 
service the interrupts, a table with up to 256 interrupt 
vectors must be defined. The interrupt vectors are sim- 
ply pointers to the appropriate interrupt service routine. 
In Real Mode (see Section Real Mode Introduction), 
the vectors are 4 byte quantities, a Code Segment 
plus a 16-bit offset; in Protected Mode, the interrupt vec- 
tors are 8 byte quantities that are put in an Interrupt De- 
scriptor Table (see Section Introduction). Of the 256 
possible interrupts, 32 are Reserved for Future Use, the 
remaining 224 are free to be used by the system 
designer. 


Table 5. Interrupt Vector Assignments 





[Return Address 


Points to 

Instruction Which Can Faulting 
Function Cause Exception Instruction Type 
Divide Error | o | DIV, IDIV | Yes =| FAULT 
Debug Excoption PTL Anyinstructon Tes TRAP 


NMI Interrupt 


2 [NT orn ee 


One Byte Interrupt a a CC 
interupt on Overiow 22 [ee aNNeT (RE AE 
a A 
Double Fauk [8 [Any instruction that can generate an Exception] ‘| _ ABORT 
Coprocessor Segment Overrun PF 9 FESO NO ABORT 
invalid T85 [0 [AM CALLTRETINT ies _—iCPAULT 
SegmentNot Present | _11__| Segmentrepisterinsivcions ——=«_—ves__| FAULT 
Stack Fait St aa I 
Page Faut a ener Yee FAULT 
Reserved for Future Use 

a 

Two Byte Interop poses [Te NO _«CTAP 


*Some debug exceptions may report both traps | on the previous instruction and faults on the next instruction. 
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interrupt Processing 
When an interrupt occurs the following actions happen. 


m@ First, the current program address and the Flags 
are saved on the stack to allow resumption of the 
interrupted program. 

@ Next, an 8-bit vector is supplied to the AmM386DXL 
microprocessor that identifies the appropriate entry 
in the interrupt table. The table contains the starting 
address of the interrupt service routine. Then, the 
user supplied interrupt service routine is executed. 


@ Finally, when an IRET instruction is executed the old 


processor state is restored and program execution 
resumes a the appropriate instruction. 


The 8-bit interrupt vector is supplied to the Am386DXL 
microprocessor in several different ways: exceptions 
supply the interrupt vector internally; software INT in- 
structions contain or imply the vector; maskable hard- 
ware interrupts supply the 8-bit vector via the interrupt 
acknowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 


Maskable Interrupt 


Maskable interrupts are the most common way used by 
the Am386DXL microprocessor to respond to asynchro- 
nous external hardware events. A hardware interrupt 
occurs when the INTR is pulled High and the Interrupt 
Flag bit (IF) is enabled. The processor only responds to 
interrupts between instructions (REPeat String instruc- 
tions have an interrupt window between memory 
moves, which allows interrupts during long string 
moves). When an interrupt occurs, the processor reads 
an 8-bit vector supplied by the hardware that identifies 
the source of the interrupt (one of 224 user defined inter- 
rupts). The exact nature of the interrupt sequence is dis- 
cussed in Section Functional Data. 


The IF bit inthe EFLAGS register is reset when an inter- 
rupt is being serviced. This effectively disables servicing 
additional interrupts during an interrupt service routine. 
However, the IF bit may be set explicitly by the interrupt 
handler to allow the nesting of interrupts. When an IRET 
instruction is executed the original state of the IF bit is 
restored. 


Non-Maskable Interrupt 


Non-maskable interrupts provide a method of servicing 
very high priority interrupts. A common example of 
the use of a non-maskable interrupt (NMI) would be to 
activate a power failure routine. When the NMI input 
is pulled High it causes an interrupt with an internally 
supplied vector value of 2. Unlike a normal hardware 
interrupt, no interrupt acknowledgment Sequence is per- 


' formed for NMI. 


While executing the NMI servicing procedure, the 
Am386DXL microprocessor will not service further NMI 
requests until an interrupt return (IRET) instruction is 
executed or the processor is reset. If NMI occurs while 
currently servicing an NMI, its presence will be saved for 
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servicing after executing the first IRET instruction. The 
IF bit is cleared at the beginning of an NMI interrupt to 
inhibit further INTR interrupts. 


Software Interrupts 


A third type of interrupt/exception for the Am386DXL 
microprocessor is the software interrupt. An INT n in- 
struction causes the processor to execute the interrupt 
service routine pointed to by the nth vector in the inter- 
rupt table. 


A special case of the two byte software interrupt INT nis 
the one byte INT 3 or breakpoint interrupt. By inserting 
this one byte instruction in a program, the user can set 
breakpoints in his program as a debugging tool. 


A final type of software interrupt is the single step inter- 
rupt. It is discussed in Section Debugging Support. 


interrupt and Exception Priorities 


Interrupts are externally-generated events. Maskable 
Interrupts (on the INTR input) and Non-Maskable Inter- 
rupts (on the NMI input) are recognized at instruction 
boundaries. When NMI and maskable INTR are both 
recognized at the same instruction boundary, the 
Am386DXL microprocessor invokes the NMI service 
routine first. If after the NMI service routine has been in- 
voked, maskable interrupts are still enabled, then the 
Am386DXL CPU will invoke the appropriate interrupt 
service routine. 

Table 6a. AmM386DXL Microprocessor Priority for 

Invoking Service Routines in Case of 
Simultaneous External Interrupts 


1. NMI 
2. INTR 


Exceptions are internally-generated events. Exceptions 
are detected by the Am386DXL microprocessor if in the 
course of executing an instruction, the AM3886DXL CPU 
detects a problematic condition. The Am386DXL micro- 
processor then immediately invokes the appropriate ex- 
ception service routine. The state of the Am3886DXL 
CPU is such that the instruction causing the exception 
can be restarted. If the exception service routine has 
taken care of the problematic condition, the instruction 
will execute without causing the same exception. 


It is possible for a single instruction to generate several 
exceptions (for example, transferring a single operand 
could generate two page faults if the operand location 
spans two not present pages). However, only one ex- 
ception is generated upon each attempt to execute the 
instruction. Each exception service routine should cor- 
rect its corresponding exception, and restart the instruc- 
tion. In this manner, exceptions are serviced until the in- 
struction executes successfully. 


As the Am386DXL microprocessor executes instruc- 
tions, it follows a consistent cycle in checking for 
exceptions, as shown in Table 6b. This cycle is repeated 
as each instruction is executed and occurs in parallel 
with instruction decoding and execution. 
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Instruction Restart 


The Am386DXL microprocessor fully supports restart- 
ing all instructions after faults. If an exception is detected 
in the instruction to be executed (Exception Categories 
4 through 10 in Table 6b), the Am386DXL device in- 
vokes the appropriate exception service routine. The 
Am386DXL microprocessor is in a state that permits re- 
start of the instruction, for all cases but those in Table 6c. 
Note that all such cases are easily avoided by proper de- 
sign of the operating system. 


Table 6b. Sequence of Exception Checking 





Consider the case of the Am386DXL microprocessor having 
just completed an instruction. It then performs the following 
checks before reaching the point where the next instruction is 
completed: 


1. Check for Exception 1 Traps from the instruction just 
completed (single-step via Trap Flag or Data Breakpoints 
set inthe Debug Registers). 


2. Check for Exception 1 Faults in the next instruction 
(Instruction Execution Breakpoint set in the Debug 
Registers for the next instruction). 


Check for external NMI and INTR. 


Check for Segmentation Faults that prevented fetching 
the entire next instruction (Exceptions 11 and 13). 


5. Check for Paging Faults that prevented fetching the 
entire next instruction (Exception 14). 


6. Check for Faults decoding the next instruction (Exception 
6 if illegal op-code; Exception 6 if in Real Mode or in 
Virtual 8086 Mode and attempting to execute an 
instruction for Protected Mode only (see Section 
Protection and I/O Permission Bitmap); or Exception 13 if 
instruction is longer than 15 bytes, or privilege violation in 
Protected Mode (i.e., not at IOPL or at CPL =0)). 


7. If WAIT op-code, check if TS = 1 and MP = 1 (Exception 7 
if both are 1). 


8. If ESCAPE op-code for numeric coprocessor, check if 
EM=1 or TS =1 (Exception 7 if either are 1). 


9. If WAIT op-code or ESCAPE op-code for numeric 
coprocessor, check ERROR input signal (Exception 16 if 
ERROR input is asserted). 


10. Check in the following order for each memory reference 
required by the instruction. 


a. Check for Segmentation Faults that prevent trans- 
ferring the entire memory quantity 
(Exceptions 11, 12, 13). 

b. Check for Page Faults that prevent transferring 
the entire memory quantity (Exception 14). 


Note that the order stated supports the concept of the paging mecha- 
nism being underneath the segmentation mechanism. Therefore, for 
any given code or data reference in memory, segmentation excep- 
tions are generated before paging exceptions are generated. 
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Table 6c. Conditions Preventing 
instruction Restart 





1. Aninstruction causes a task switch to a task whose Task 
State Segment (TSS) is partially not present. (An entire 
not present TSS is restartable.) Partially present TSS’s 
can be avoided either by keeping the TSS’s of such tasks 
present in memory or by aligning TSS segments to reside 
entirely within a single 4K page (for TSS segments of 
4 Kb or less). 


2. Acoprocessor operand wraps around the top of a 64-Kb 
segment or a 4-Gb segment and spans three pages; and 
the page holding the middle portion of the operand is not 
present. This condition can be avoided by starting at a 
page boundary any segments containing coprocessor 
operands if the segments are approximately 64—200 Kb 
or larger (i.e., large enough for wraparound of the 
coprocessor operand to possibly occur). 


Note that these conditions are avoided by using the operating system 
designs mentioned in this table. 





Double Fault 


A Double Fault (Exception 8) results when the proces- 
sor attempts to invoke an exception service routine for 
the segment exceptions (10, 11, 12, or 13), but in the 
process of doing so, detects an exception other than a 
Page Fault (Exception 14). 


A Double Fault (Exception 8) will also be generated 
when the processor attempts to invoke the Page Fault 
(Exception 14) service routine, and detects an excep- 
tion other than a second Page Fault. In any functional 
system, the entire Page Fault service routine must re- 
main present in memory. 


Double Page faults however do not raise the Double 
Fault exception. If a second Page Fault occurs while the 
processor is attempting to enter the service routine for 
the first time, then the processor will invoke the Page 
Fault (Exception 14) handler a second time rather than 
the Double Fault (Exception 8) handler. A subsequent 
fault, though, will lead to shutdown. 


When a Double Fault occurs, the Am386DXL micropro- 
cessor invokes the exception service routine for 
Exception 8. 


Reset and Initialization 


When the processor is initialized or Reset, the registers 
have the values shown in Table 7. The Am386DXL 
microprocessor will then start executing instructions 
near the top of physical memory, at location 
FFFFFFFOH. When the first Inter-Segment Jump or Call 
is executed, address lines A31—A20 will drop Low for 
CS-relative memory cycles, and the AM386DXL micro- 
processor will only execute instructions in the lower 1 
Mb of physical memory. This allows the system de- 
signer to use a ROM atthe top of physical memory to in- 
itialize the system and take care of Resets. 
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RESET forces the Am386DXL microprocessor to termi- 
nate all execution and local bus activity. No instruction 
execution or bus activity will occur as long as Reset 
is active. Between 350- and 450-CLK2 periods after Re- 
set becomes inactive, the Am386DXL device will start 
executing instructions at the top of physical memory. 


Table 7. Register Values after Reset 





Flag Word UUUU0002H Note 1 

Machine Status Word (CRO) UUUUUUU0H Note 2 

Instruction Pointer OOOOFFFOH 

Code Segment FOOOH Note 3 

Data Segment O0000H 

Stack Segment O0000H 

Extra Segment (ES) 0000H 

Extra Segment (FS) 0000H 

Extra Segment (GS) 0000H 

DX Register Component and Note 5 
Stepping ID 

All Other Registers Undefined Note 4 


Notes: 


1. EFLAGS Register. The upper 14 bits of the EFLAGS register are 
undefined, VM (Bit 17) and RF (Bit 16) and 0 as are all other de- 
fined flag bits. 

2. CRO: (Machine Status Word). All of the defined fields in the CRO 
are 0 (PG Bit 31, TS Bit 3, EM Bit 2, MP Bit 1, and PE 
Bit 0). 

3. The code Segment Register (CS) will have its Base Address set 
to FFFFOOOOH and Limit set to OFFFFH. 

4. Allundefined bits are Reserved for Future Use and should not be 
used. 

5. DX register always holds component and stepping identifier (see 
Section Component and Revision Identifiers). EAX register holds 
self-test signature if self-test was requested (see Section Self- 
Test Signature). 





Testability 
Self-Test 


The Am386DXL microprocessor has the capability to 
perform a self-test. The self-test checks the function of 
all the Control ROM and most of the non-random logic 
of the part. Approximately one-half of the Am386DXL 
microprocessor can be tested during self-test. 


Self-Test is initiated on the AM3886DXL microprocessor 
when the RESET pin transitions from High to Low, 
and the BUSY pin is Low. The self-test takes about 
2*°*19 clocks or approximately 26 ms with a 20-MHz 
Am386DXL device. At the completion of self-test, the 
processor performs reset and begins normal operation. 
The part has successfully passed self-test if the con- 
tents of the EAX register are zero (0). If the results of 
EAX are not zero then the self-test has detected a flaw in 
the part. 


TLB Testing 


The Am386DXL microprocessor provides a mechanism 
for testing the Translation Look-Aside Buffer (TLB) if 
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desired. This particular mechanism is unique to the 
Am386DXL CPU and may not be continued inthe same 
way in future processors. When testing the TLB, paging 
must be turned off (PG = 0 in CRO) to enable the TLB 
testing hardware and avoid interference with the test 
data being written to the TLB. 


There are two TLB testing operations: 
1. Write entries into the TLB; and, 


2. Perform TLB lookups. Two test registers, shown in 
Figure 12, are provided for the purpose of testing. 
TR6 is the test command register and TR7 is the test 
data register. The fields within these registers are 
defined below. 


C: This is the command bit. For a write into TR6 to cause 
an immediate write into the TLB entry, write a 0 to this 
bit. For a write into TR6 to cause an immediate TLB 
lookup, write a 1 to this bit. 


Linear Address: This is the tag field of the TLB .Ona 
TLB write, a TLB entry is allocated to this linear address 
and the rest of that TLB entry is set per the value of TR7 
and the value just written into TR6. On a TLB lookup, the 
TLB is interrogated per this value and if one and only 
one TLB entry matches, the rest of the fields of TR6 and 
TR7 are set from the matching TLB entry. 


Physical Address: This is the data field of the TLB. On 
a write to the TLB, the TLB entry allocated to the linear 
address in TR6 is set to this value. On a TLB lookup, the 
data field (physical address) from the TLB is read out to 
here. 

PL: Ona TLB write, PL = 1 causes the REP field of TR7 
to select which of four associative blocks of the TLB is to 
be written, but PL = 0 allows the internal pointer in the 
paging unit to select which TLB block is written. On a 
TLB lookup, the PL bit indicated whether the lookup was 
a hit (PL gets set to 1) or a miss (PL gets reset to 0). 
V: The valid bit for this TLB entry. All valid bits can also 
be cleared by writing to CR3. 


D, D: The dirty bit for/from the TLB entry. 
U, U: The user bit for/from the TLB entry. 
W, W: The writable bit for/from the TLB entry. 


For D, U and W, both the attribute and its complement 
are provided as tag bits to permit the option of a don't 
care on TLB lookups. The meaning of these pairs of bits 
is given in the following table. 


Effect During Value of Bit 
TLB Lookup X after TLB Write 


Miss All 


Bit X becomes undefined 
Match if X=0 
Match if X = 1 
Match All 


Bit X becomes 0 
Bit X becomes 1 


Bit X becomes undefined 
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For writing a TLB entry: 
1. Write TR7 for the desired physical address, PL and 
REP values; and, 


2. Write TR6 with the appropriate linear address, etc., 
(be sure to write C =0 for write command). 


For looking up (reading) a TLB entry: 


1. Write TR6 with the appropriate linear address (be 
sure to write C = 1 for lookup command); and, 

2. Read TR7 and TRE6. If the PL bit in TR7 indicates a 
hit, then the other values reveal the TLB contents. If 
PL indicates a miss, then the other values in TR7 and 
TR6 are indeterminate. 


Debugging Support 
The Am386DXL microprocessor provides several fea- 


tures that simplify the debugging process. The three 
categories of on-chip debugging aids are: 


3 


1 
7 OW OOOdS 
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1. The code execution breakpoint op-code (OCCH); 


2. The single-step capability provided by the TF bit in 
the flag register; and, 


3. The code and data breakpoint capability provided by 
the Debug Registers DR3—-DRO, DR6, and DR7. 


Breakpoint Instruction 

A single-byte-op-code breakpoint instruction is avail- 
able for use by software debuggers. The breakpoint op- 
code is OCCh and generates an Exception 3 trap when 
executed. In typical use, a debugger program can plant 
the breakpoint instruction at all desired code execution 
breakpoints. The single-byte breakpoint op-code is an 
alias for the two-byte general software interrupt instruc- 
tion, INT n, where n = 3. The only difference between 
INT 3 (OCCh) and INT nis that INT 3 is never IOPL-sen- 
sitive but INT nis |OPL-sensitive in Protected Mode and 
Virtual 8086 Mode. 








12} 11 0 






TR6 


Note: 0 indicates “Reserved for Future Use.” Do not define; see Section Compatibility. 
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Figure 12. Test Registers 
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Single-Step Trap 


If the single-step flag (TF, bit 8) in the EFLAGS register 
is found to be set at the end of an instruction, a single- 
step exception occurs. The single-step exceptionis auto 
vectored to Exception 1. Precisely, Exception 1 occurs 
as a trap after the instruction following the instruction 
that set TF. Intypical practice, adebugger sets the TF bit 
of a flag register image on the debugger’s stack. It then 
typically transfers control to the user program and loads 
the flag image with a signal instruction, the IRET instruc- 
tion. The single-step trap occurs after executing one in- 
struction of the user program. 


Since the Exception 1 occurs as a trap (that is, it occurs 
after the instruction has already executed), the CS:EIP 
pushed onto the debugger’s stack points to the next 
unexecuted instruction of the program being debugged. 
An Exception 1 handler, merely by ending with an IRET 
instruction, can therefore efficiently support single- 
stepping through a user program. 


Debug Registers 


The Debug Registers are an advanced debugging fea- 
ture of the AM386DXL microprocessor. They allow data 
access breakpoints as well as code execution break- 
points. Since the breakpoints are indicated by on-chip 
registers, an instruction execution breakpoint can be 
placed in ROM code or in code shared by several tasks, 
neither of which can be supported by the INT 3 break- 
point op-code. 


The Am386DXL microprocessor contains 6 Debug Reg- 
isters, providing the ability to specify up to four distinct 
breakpoint addresses, breakpoint control options, and 
read breakpoint status. Initially after reset, breakpoints 
will occur unless the debug registers are programmed. 
Breakpoints set up in the Debug Registers are auto 
vectored to Exception 1. 


Linear Address Breakpoint Registers (DR3—DRO) 


Up to four breakpoint addresses can be specified by 
writing into Debug Registers DR3—DRO, shown in Fig- 
ure 13. The breakpoint addresses specified are 32-bit 
linear addresses. AmM386DXL microprocessor hard- 
ware continuously compares the linear breakpoint 
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addresses in DR3—DRO with the linear addresses gen- 
erated by executing software (a linear address is the re- 
sult of computing the effective address and adding the 
32-bit segment base address). Note that if paging is not 
enabled the linear address equals the physical address. 
If paging is enabled, the linear address is translated to a 
physical 32-bit address by the on-chip paging unit. Re- 
gardless of whether paging is enabled or not, however, 
the breakpoint registers hold linear addresses. 


Debug Control Register (DR7) 


A Debug Control Register, DR7, shown in Figure 13, 
allows several debug control functions, such as ena- 
bling the breakpoints and setting up other control op- 
tions for the breakpoints. The fields within the Debug 
Control Register, DR7, are as follows. 


LENi (Breakpoint Length Specification Bits) 


A 2-bit LEN field exists for each of the four breakpoints. 
LEN specifies the length of the associated breakpoint 
field. The choices for data breakpoints are: 1 byte, 2 
bytes, and 4 bytes. Instruction execution breakpoints 
must have a length of 1 (LENi = 00). Encoding of the 
LENi field is as follows. 


Usage of Least 
Significant Bits in 
Breakpoint Address 
Register i, (i=0-3) 


Breakpoint 
Field Width 


LENi 
Encoding 


; 





All 32-bits used to specify 
a breakpoint 
ield. 


01 2 bytes A31—A1 used to specify 
a two-byte, word-aligned 
breakpoint field. AO in 
Breakpoint Address 
Register is not used. 

10 Undefined— 

do not use 


this encoding 
11 4 bytes A31-—A2 used to specify 
a four-byte, Dword-aligned 
breakpoint field. AO and 
A1 in Breakpoint Address 
Register are not used. 
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Reserved for Future Use. Do not define. 





LEN W| LEN W|LEN | R}/W/] LEN 
3 3] 2 2; 1 |1}1} 0 
31 


Breakpoint 0 Linear Address 
Breakpoint 1 Linear Address 
Breakpoint 2 Linear Address 


16 15 | 0 


Breakpoint 3 Linear Address 
Reserved for Future Use. Do not define. 


B; B 

TTS 
W G G 
0 D E 


16 15 0 





DRO 
DR1 
DR2 
DR3 
DR4 
DR5 





B 
3 
LJG;}LIJGILIGIL 
E}3;/3}/2/2]11 1 


Note: 0 indicates “Reserved for Future Use.” Do not define; see Section Compatibility. 


Figure 13. Debug Registers 


The LENi field controls the size of breakpoint field i by 
controlling whether all low-order linear address bits 
in the breakpoint address register are used to detect 
the breakpoint event. Therefore, all breakpoint fields 
are aligned; 2-byte breakpoint fields begin on Word 
boundaries and 4-byte breakpoint fields begin on Dword 
boundaries. 


The following is an example of various size breakpoint 
fields. Assume the breakpoint linear address in DR2 is 
OOO00005H. In that situation, the following illustration 
indicates the region of the breakpoint field for lengths of 
1, 2, or 4 bytes. 


DR2 = 00000005H; 


LEN2=00B 


00000000H 





DR2 = 00000005H; LEN2=01B 





DR2 = 00000005H; 
31 0 


LEN2=11B 






00000008H 
00000004H 
00000000H 
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RWi (Memory Access Qualifier Bits) 


A 2-bit RW field exists for each of the four breakpoints. 
The 2-bit RW field specifies the type of usage that must 
occur in order to activate the associated breakpoint. 


Instruction execution only 


Data writes only 
Undefined—do not use this encoding 
Data reads and writes only 





RW encoding 00 is used to set up an instruction execu- 
tion breakpoint. RW encodings 01 or 11 are used to set 
up write-only or read/write data breakpoints. 


Note that instruction execution breakpoints are taken 
as faults (i.e., before the instruction executes), but 
data breakpoints are taken as traps (i.e., after the data 
transfer takes place). 


Using LENi and RWi to Set Data Breakpoint | 


A data breakpoint can be set up by writing the linear 
address into DRi (i = 0-3). For data breakpoints, RWi 
can = 01 (write only) or 11 (write/read). LEN can = 00, 
01, 0r 11. 


If a data access entirely or partly falls within the data 
breakpoint field, the data breakpoint condition has oc- 
curred, and if the breakpoint is enabled, an Exception 1 
trap will occur. 


Using LENi and RWi to Set Instruction Execution 
Breakpoint i 

An instruction execution breakpoint can be set up 
by writing address of the beginning of the instruction 
(including prefixes if any) into DRi (i=0-3). RWi 
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must =00 and LEN must=00 for instruction execution 
breakpoints. 


If the instruction beginning at the breakpoint address is 
about to be executed, the instruction execution break- 
point condition has occurred, and if the breakpoint is en- 
abled, an Exception 1 fault will occur before the instruc- 
tion is executed. 


Note that an instruction execution breakpoint address 
must be equal to the beginning byte address of an in- 
struction (including prefixes) in order for the instruction 
execution breakpoint to occur. 


GD (Global Debug Register Access Detect) 


The Debug Registers can only be accessed in Real 
Mode or at privilege level 0 in Protected Mode. The GD 
bit, when set, provides extra protection against any De- 
bug Register access even in Real Mode or at privilege 
level 0 in Protected Mode. This additional protection fea- 
ture is provided to guarantee that a software debugger 
(or ICE-386) can have full control over the Debug Regis- 
ter resources when required. The GD bit, when set, 
Causes an Exception 1 fault if an instruction attempts to 
read or write any Debug Register. The GD bit is then 
automatically cleared when the Exception 1 handler is 
invoked, allowing the Exception 1 handler free access to 
the debug registers. 


GE and LE (Exact Data Breakpoint Match, Global 
and Local) 


If either GE or LE is set, any data breakpoint trap will be 
reported exactly after completion of the instruction that 
caused the operand transfer. Exact reporting is pro- 
vided by forcing the AmM386DXL microprocessor execu- 
tion unit to wait for completion of data operand transfers 
before beginning execution of the next instruction. 


If exact data breakpoint match is not selected, data 
breakpoints may not be reported until several instruc- 
tions later or may not be reported at all. When enabling a 
data breakpoint, it is therefore recommended to enable 
the exact data breakpoint match. 


When the Am386DXL microprocessor performs a task 
switch, the LE bit is cleared. Thus, the LE bit supports 
fast task switching out of tasks that have enabled the ex- 
act data breakpoint match for their task-local break- 
points. The LE bit is cleared by the processor during a 
task switch to avoid having exact data breakpoint match 
enabled in the new task. Note that exact data breakpoint 
match must be re-enabled under software control. 


The Am3886DXL microprocessor GE bit is unaffected 
during a task switch. The GE bit supports exact data 
breakpoint match that is to remain enabled during all 
tasks executing in the system. 


Note that instruction execution breakpoints are always 
reported exactly, whether or not exact data breakpoint 
match is selected. 
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Gi and Li (Breakpoint Enable, Global and Local) 


If either Gior Liis set, then the associated breakpoint (as 
defined by the linear address in DRi, the length in LENi 
and the usage criteria in RWi) is enabled. If either Gi or 
Li is set and the AM3886DXL microprocessor detects the 
ith breakpoint condition, thenthe Exception 1 handler is 
invoked. 


When the Am386DXL microprocessor performs a task 
switch to a new Task State Segment (TSS), all Libits are 
cleared. Thus, the Li bits support fast task switching out 
of tasks that use some task-local breakpoint registers. 
The Li bits are cleared by the processor during a task 
switch to avoid spurious exceptions in the new task. 
Note that the breakpoints must be enabled under soft- 
ware control. 


All Am386DXL microprocessor Gi bits are unaffected 
during a task switch. The Gi bits support breakpoints 
that are active in all tasks executing in the system. 


Debug Status Register (DR6) 


A Debug Status Register, DR6, shown in Figure 13, 
allows the Exception 1 handler to easily determine why 
it was invoked. Note the Exception 1 handler can be 
invoked as a result of one of several events. 

DRO Breakpoint fault/trap. 

DR1 Breakpoint faultArap. 

DR2 Breakpoint fault/Arap. 

DR3 Breakpoint fault/trap. 

Single-step (TF) trap. 

Task switch trap. 

Fault due to attempted debug register access when 
GD = 1. 

The Debug Status Register contains single-bit flags for 
each of the possible events invoking Exception 1. Note 
below that some of these events are faults (exception 
taken before the instruction is executed), while other 
events are traps (exception taken after the debug 
events occurred). 

The flags in DR6 are set by the hardware but never 
Cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user program 
to avoid future confusion in identifying the source of 
Exception 1. 


Se a et 


The fields within the Debug Status Register, DR6 are as 
follows. 


Bi (Debug Fault/Trap Due to Breakpoint 0—3) 


Four breakpoint indicator flags, B3-B0, correspond 
one-to-one with the breakpoint registers in DR3—DRO.A 
flag Bi is set when the condition described by DRi, LENi, 
and RWi occurs. 


If Gi or Li is set, and if the ith breakpoint is detected, the 
processor will invoke the Exception 1 handler. The 
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exception is handled as a fault if an instruction execution 
breakpoint occurred or as a trap if a data breakpoint 
occurred. 


Important Note: A flag, Bi, is set whenever the hard- 
ware detects a match condition on enabled breakpoint i. 
Whenever a match is detected on at least one enabled 
breakpoint i, the hardware immediately sets all Bi bits 
corresponding to breakpoint conditions matching at that 
instant, whether enabled or not. Therefore, the Excep- 
tion 1 handler may see that multiple Bi bits are set, but 
only set Bi bits corresponding to enabled breakpoints (Li 
or Gi set) are true indications of why the Exception 1 
handler was invoked. 


BD (Debug Fault Due to Attempted Register Access 
When GD Bit Set) 

This bit is set if the Exception 1 handler was invoked due 
to an instruction attempting to read or write to the debug 
registers when GD bit was set. If such an event occurs, 
then the GD bit is automatically cleared when the Ex- 
ception 1 handler is invoked, allowing handler access to 
the debug registers. 


BS (Debug Trap Due to Single-Step) 


This bit is set if the Exception 1 handler was invoked due 
to the TF bit in the flag register being set (for single-step- 
ping). See Section Single-Step Trap. 


BT (Debug Trap Due to Task Switch) 


This bit is set if the Exception 1 handler was invoked due 
to a task switch occurring to a task having a AM386DXL 
microprocessor TSS with the T-bit set. (See Figure 29.) 


15 0 












Memory Operand 


Note the task switch into the new task occurs normally, 
but before the first instruction of the task is executed, the 
Exception 1 handler is invoked. With respect to the task 
switch operation, the operation is considered to be a 
trap. 


Use of Resume Flag (RF) In Flag Register 


The Resume Flag (RF) in the flag word can suppress an 
instruction execution breakpoint when the Exception 1 
handler returns to a user program at a user address that 
is also an instruction execution breakpoint. See Section 
Flags Register. 


REAL MODE ARCHITECTURE 
Real Mode Introduction 


When the processor is reset or powered up, it is initial- 
ized in Real Mode. Real Mode has the same base archi- 
tecture as the 8086, but allows access to the 32-bit reg- 
ister set of the Am3886DXL microprocessor. The ad- 
dressing mechanism, memory size, and interrupt han- 
dling are all identical to the Real Mode on the 80286. 


All of the Am386DXL microprocessor instructions are 
available in Real Mode (except those instructions listed 
in Protection and I/O Permission Bitmap). The default 
operand size in Real Mode is 16 bits, just like the 8086. 
In order to use the 32-bit registers and addressing 
modes, override prefixes must be used. In addition, the 
segment size on the Am386DXL CPU in Real Mode is 
64 Kb so 32-bit effective addresses must have a value 
less the OOOOFFFFH. The primary purpose of Real 
Mode is to set up the processor for Protected Mode 
Operation. 


Max Limit 
Fixed At 64K In 
Real Mode 





Selected 
Segment 
Segment Base 
15021B-017 


Figure 14. Real Address Mode Addressing 
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LOCK Operation 


The LOCK prefix on the Am386DXL microprocessor, 
even in Real Mode, is more restrictive than on the 
80286. This is due to the addition of paging on the 
Am386DXL CPU in Protected Mode and Virtual 8086 
Mode. Paging makes it impossible to guarantee that 
repeated string instructions can be LOCKed. The 
Am386DXL CPU can not require that all pages holding 
the string be physically present in memory. Hence, a 
Page Fault (Exception 14) might have to be taken during 
the repeated string instruction. Therefore the LOCK 
prefix can not be supported during repeated string 
instructions. 


These are the only instruction forms where the LOCK 
prefix is legal on the Am386DXL microprocessor. 


BIT TEST and 
SET/RESET/COMPLEMENT 


XCHG 
XCHG 


ADD, OR, ADC, SBB, 
AND, SUB, XOR 


NOT, NEG, INC, DEC Mem 


Operands 
(Dest, Source) 


Mem, Reg/immed 


Reg, Mem 
Mem, Reg 


Mem, Reg/immed 





An Exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or op-code not listed 
above. The LOCK prefix allows indivisible read/modify/ 
write operations on memory operands using the instruc- 
tions above. For example, even the ADD Reg, Mem is 
not LOCKable, because the Mem operand is not the 
destination (and therefore no memory read/modify/op- 
eration is being performed). 


Since, on the Am3886DXL microprocessor, repeated 
string instructions are not LOCKable, it is not possible to 
LOCK the bus for a long period of time. Therefore, the 
LOCK prefix is not |OPL-sensitive on the Am386DXL 
device. The LOCK prefix can be used at any privilege 
level, but only on the instruction forms listed above. 


Memory Addressing 


In Real Mode, the maximum memory size is limited to 
1 Mb. Thus, only address lines A19-A2 are active. 
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Exception, the High address lines A31-A20 are 
High during CS-relative memory cycles until an inter- 
segment jump or call is executed (see Section Reset 
and Initialization). 


Since paging is not allowed in Real Mode, the linear ad- 
dresses are the same as physical addresses. Physical 
addresses are formed in Real Mode by adding the 
contents of the appropriate segment register that is 
shifted left by 4 bits to an effective address. This addition 
results in a physical address from OOOOQ0000H to 
0010FFEFH. This is compatible with 80286 Real Mode. 
Since segment registers are shifted left by 4 bits, this im- 
plies that Real Mode segments always start on 16-byte 
boundaries. 


All segments in Real Mode are exactly 64-Kb long and 
may be read, written, or executed. The Am386DXL mi- 
croprocessor will generate an Exception 13 if a data 
operand or instruction fetch occurs past the end of a 
segment (i.e., if an operand has an offset greater than 
FFFFH; for example, a word with a low byte at FFFFH 
and the high byte at O000H). 


Segments may be overlapped in Real Mode. Thus, if a 
particular segment does not use all 64 Kb another seg- 
ment can be overlayed on top of the unused portion of 
the previous segment. This allows the programmer to 
minimize the amount of physical memory needed for a 
program. 


Reserved Locations 


There are two fixed areas in memory that are reserved in 
Real address mode: system initialization area and the 
interrupt table area. Locations OO000H through 003FFH 
are reserved for interrupt vectors. Each one of the 256 
possible interrupts has a 4-byte jump vector reserved 
for it. Locations FFFFFFFOH through FFFFFFFFH are 
reserved for system initialization. 


Interrupts 


Many of the exceptions shown in Table 5 and discussed 
in Section Interrupts are not applicable to Real Mode op- 
eration; in particular, Exceptions 10, 11, and 14 will not 
happen in Real Mode. Other exceptions have slightly 
different meanings in Real Mode. Table 8 identifies 
these exceptions. 


Table 8. Other Exceptions in Real Mode 


Function 


CS, DS, ES, FS, GS 
Segment overrun exception 





SS Segment overrun exception | 12 Stack Reference 
beyond offset = FFFFH. 


Interrupt Related 
Number Instructions 
Interrupt table limit too small. INT Vector is not 
within table limit. 






Return 
Address Location 
Before 
Instruction 
Word memory reference 
beyond offset = FFFFH. Before 
An attempt to execute Instruction 
past the end of CS segment. 
Before 


Instruction 
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Shutdown and Halt 


The HLT instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, FLT, INTR with interrupts enabled 
(IF =1), or RESET will force the Am3886DXL micropro- 
cessor out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 


Shutdown willoccur when a severe error is detected that 
prevents further processing. In Real Mode, shutdown 
can occur under two conditions: 


@ An interrupt or an exception occur (Exception 8 or 
13) and the interrupt vector is larger than the 
Interrupt Descriptor Table (i.e., there is not an 
interrupt handler for the interrupt); 


@ ACALL, INT, or PUSH instruction attempts to wrap 
aroundthe stack segment when SP is not even (e.g., 
pushing a value on the stack when SP = 0001 
resulting in a stack segment greater than FFFFH). 


An NMI input can bring the processor out of shutdown if 
the Interrupt Descriptor Table limit is large enough to 
contain the NMI interrupt vector (at least 0017H) andthe 
stack has enough room to contain the vector and flag in- 
formation (i.e., SP is greater than 0005H). Otherwise 
shutdown can only be exited via the RESET input. 


PROTECTED MODE ARCHITECTURE 
Introduction 


The complete capabilities of the AmM386DXL micropro- 
cessor are unlocked when the processor operates in 
Protected Virtual Address Mode (Protected Mode). 
Protected Mode vastly increases the linear address 
space to 4 Gb (2° bytes) and allows the running of vir- 
tual memory programs of almost unlimited size (64 tb or 
2° bytes). In addition, Protected Mode allows the 
Am386DXL CPU to run all of the existing 8086 and 
80286 software, while providing a sophisticated mem- 
ory management and a hardware-assisted protection 
mechanism. Protected Mode allows the use of addi- 
tional instructions especially optimized for supporting 
multitasking operating systems. The base architecture 
of the Am386DXL CPU remains the same; the registers, 


instructions, and addressing modes described in the 
previous sections are retained. The main differences 
between Protected Mode and Real Mode from a pro- 
grammer's view is the increased address space and a 
different addressing mechanism. 


Addressing Mechanism 


Like Real Mode, Protected Mode uses two components 
to form the logical address: a 16-bit selector is used to 
determine the linear base address of a segment; the 
base address is added to a 32-bit effective address to 
form a 32-bit linear address. The linear address is then 
either used as the 32-bit physical address or if paging is 
enabled the paging mechanism maps the 32-bit linear 
address into a 32-bit physical address. 


The difference between the two modes lies in calculat- 
ing the base address. In Protected Mode, the selector is 
used to specify an index into an operating system de- 
fined table (see Figure 15). The table contains the 32-bit 
base address of a given segment. The physical address 
is formed by adding the base address obtained from the 
table to the offset. 


Paging provides an additional memory management 
mechanism that operates only in Protected Mode. Pag- 
ing provides a means of managing the very large seg- 
ments of the Am386DXL microprocessor. As such, 
paging operates beneath segmentation. The paging 
mechanism translates the protected linear address that 
comes from the segmentation unit into a physical ad- 
dress. Figure 16 shows the complete Am386DXL de- 
vice addressing mechanism with paging enabled. 


Segmentation 
Segmentation Introduction 


Segmentation is one method of memory management. 
Segmentation provides the basis for protection. Seg- 
ments are used to encapsulate regions of memory that 
have common attributes. For example, all of the code of 
a given program could be contained in a segment or an 
operating system table may reside in a segment. All in- 
formation about a segment is stored in an 8-byte data 
structure called a descriptor. All of the descriptors in a 
system are contained in tables recognized by hardware. 
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Figure 15. Protected Mode Addressing 
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Figure 16. Paging and Segmentation 
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Terminology 


The following terms are used throughout the discussion 
of descriptors, privilege levels, and protection: 


PL: Privilege Level—One of the four hierarchical privi- 
lege levels. Level 0 is the most privileged level and level 
3 is the least privileged. More privileged levels are nu- 
merically smaller than less privileged levels. 


RPL: Requester Privilege Level—The privilege level of 
the original supplier of the selector. RPL is determined 
by the least two significant bits of a selector. 


DPL: Descriptor Privilege Level—This is the least privi- 
leged level at which a task may access that descriptor 
(and the segment associated with that descriptor). De- 
scriptor Privilege Level is determined by bits 6-5 in the 
Access Right Byte of a descriptor. 


CPL: Current Privilege Level—The privilege level at 
which a task is currently executing, which equals the 
privilege level of the code segment being executed. CPL 
can also be determined by examining the lowest 2 bits of 
the CS register, except for conforming code segments. 


EPL: Effective Privilege Level—The effective privilege 
level is the least privileged of the RPL and DPL. Since 
small privilege level values indicate greater privilege, 
EPL is the numerical maximum of RPL and DPL. 


Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 


Descriptor Tables 
Descriptor Tables Introduction 


The descriptor tables define all of the segments which 
are used in an AmM3886DXL microprocessor system. 


15 
LDT DESCR 
Selector 
15 0 
IDT Limit 
IDT Base 
Linear Address 
31 0 
15 0 

| 0 


Oo 


LDTR 










IDTR 





GDT Limit 


GDT Base 
Linear Address 


GDTR 


31 


There are three types of tables on the Am386DXL mi- 
croprocessor that hold descriptors: the Global Descrip- 
tor Table, Local Descriptor Table, and the Interrupt De- 
scriptor Table. All of the tables are variable length mem- 
ory arrays. They can range in size between 8 bytes and 
64 Kb. Each table can hold up to 8192 eight byte de- 
scriptors. The upper 13 bits of a selector are used as an 
index into the descriptor table. The tables have registers 
associated with them that hold the 32-bit linear base ad- 
dress, and the 16-bit limit of each table. 


Each of the tables has a register associated with it: the 
GDTR, LDTR, andthe IDTR (see Figure 17). The LGDT, 
LLDT, and LIDT instructions load the base and limit of 
the Global, Local, and Interrupt Descriptor Tables, re- 
spectively, into the appropriate register. The SGDT, 
SLDT, and SIDT instructions store the base and limit 
values. These tables are manipulated by the operating 
system. Therefore, the load descriptor table instructions 
are privileged instructions. 


Global Descriptor Table 


The Global Descriptor Table (GDT) contains descriptors 
that are possibly available to all of the tasks ina system. 
The GDT can contain any type of segment descriptor 
except for descriptors that are used for servicing inter- 
rupts (i.e., interrupt and trap descriptors). Every 
Am386DXL microprocessor contains a GDT. Generally, 
the GDT contains code and data segments used by the 
operating systems and task state segments and de- 
scriptors for the LDTs in a system. 


The first slot of the Global Descriptor Table corresponds 
to the null selector and is not used. The null selector de- 
fines a null pointer value. 







LDT Limit 


LDT Base 
Linear Address 


31 0 


Program Invisible 
Automatically Loaded 
From LDT Descriptor 
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Figure 17. Descriptor Table Registers 





1-236 


Am386DXL Microprocessor 





Local Descriptor Table 


LDTs contain descriptors that are associated with a 
given task. Generally, operating systems are designed 


so that each task has a separate LDT. The LDT may | 


contain only code, data, stack, task gate, and call gate 
descriptors. LDTs provide a mechanism for isolating a 
giventask’s code and data segments fromthe rest of the 
operating system, while the GDT contains descriptors 
for segments that are common to all tasks. A segment 
cannot be accessed by a task if its segment descriptor 
does not exist in either the current LDT or the GDT. This 
provides both isolation and protection for a task’s seg- 
ments, while still allowing global data to be shared 
among tasks. 


Unlike the 6-byte GDT or IDT registers that contain a 
base address and limit, the visible portion of the LDT 
register contains only a 16-bit selector. This selector re- 
fers to a Local Descriptor Table descriptor in the GDT. 


Interrupt Descriptor Table 


The third table needed for AmM386DXL microprocessor 
systems is the Interrupt Descriptor Table (see Figure 
18). The IDT contains the descriptors that point to the lo- 
cation of up to 256 interrupt service routines. The IDT 
may contain only task gates, interrupt gates, and trap 
gates. The IDT should be at least 256 bytes in size in 
order to hold the descriptors for the 32, Reserved for 






IDT Limit = 


IDT Base 
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Future Use, interrupts. Every interrupt used by asystem 
must have an entry inthe IDT. The IDT entries are refer- 
enced via INT instructions, external interrupt vectors, 
and exceptions. (See Interrupts.) 


Descriptors 
Descriptor Attribute Bits 


The object to which the segment selector points is called 
a descriptor. Descriptors are 8-byte quantities that con- 
tain attributes about a given region of linear address 
space (i.e., a segment). These attributes include the 
32-bit base linear address of the segment, the 20-bit 
length and granularity of the segment, the protection 
level, read, write or execute privileges, the default size 
of the operands (16 bit or 32 bit), and the type of seg- 
ment. All of the attribute information about a segment is 
contained in 12 bits in the segment descriptor. Figure 19 
shows the general format of a descriptor. All segments 
on the Am386DXL microprocessor have three attribute 
fields in common: the P bit, the DPL bit, and the S bit. 
The Present P bit is 1 if the segment is loaded in physical 
memory; if P=0 then any attempt to access this seg- 
ment causes a not present exception (Exception 11). 
The Descriptor Privilege Level DPL is a 2-bit field that 
specifies the protection levels 0-3 associated with a 
segment. 


Memory 









Gate For 
interrupt #n 







Gate For 
interrupt #n—1 






Interrupt 
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Figure 18. interrupt Descriptor Table Register Use 
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Byte 
31 0 Address 
Segment Base 15-0 Segment Limit 15-0 0 
| [eae DPL] | type | | 
— Limit Base 

Base Base Address of the segment 
Limit | The length of the segment 
P Present Bit: 1=Present, 0 = Not Present 
DPL Descriptor Privilege Levels 0-3 
S Segment Descriptor: 0= System Descriptor, 1 = Code or Data Segment Descriptor 
Type Type of Segment 
A Accessed Bit 
G Granularity Bit: 1 = Segment length is page granular, 0 = Segment length is byte granular 
D Default Operation Size (recognized in code segment descriptors only): 1 = 32-bit segment, 0 = 16-bit segment 
0 Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or OS 
Note: In a maximum-size segment (i.e., segment with G= 1 and segment limit 19-0 = FFFFFH), the lowest 12 bits of 

the segment base should be zero (i.e., segment base 11-000 = 000H). 

15021B-022 


Figure 19. General Format of Segment Descriptors 


The Am386DXL microprocessor has two main catego- 
ries of segments: system segments and non-system 
segments (for code and data). The segment S bit in the 
segment descriptor determines if a given segment is a 
system segment or a code or data segment. If the S bit is 
1, thenthe segment is either acode or data segment; if it 
is 0, then the segment is a system segment. 


Am386DXL Microprocessor Code and Data 
Descriptors (S = 1) 


Figure 20 shows the general format of a code and data 
descriptor and Table 9 illustrates how the bits in the Ac- 
cess Rights Byte are interpreted. 


Code and data segments have several descriptor fields 
in common. The accessed A bit is set whenever the 
processor accesses a descriptor. The A bit is used 
by operating systems to keep usage statistics on a 
given segment. The G bit, or granularity bit, specifies if 
a segment length is byte-granular or page-granular. 
Am386DXL microprocessor segments can be 1 Mb 
long with byte granularity (G=0) or 4 Gb with page 
granularity (G = 1), (i.e., 2°° pages—each page is 4 Kb 
in length). The granularity is totally unrelated to paging. 
An Am386DXL CPU system can consist of segments 


with byte granularity and page granularity, whether or 
not paging is enabled. 


The executable E bit tells if a segment is a code or data 
segment. A code segment (E=1, S=1) may be exe- 
cute-only or execute/read as determined by the Read 
R bit. Code segments are execute only if R = 0 and exe- 
cute/read if R =1. Code segments may never be written 
into. 


Note: Code segments may be modified via aliases. 
Aliases are writeable data segments that occupy 
the same range of linear address space as the code 
segment. 


The D bit indicates the default length for operands and 
effective addresses. If D = 1, then 32-bit operands and 
32-bit addressing modes are assumed. If D = 0, then 
16-bit operands and 16-bit addressing modes are as- 
sumed. Therefore all existing 80286 code segments will 
execute on the Am386DXL microprocessor assuming 
the D bit is set 0. 


Another attribute of code segments is determined by the 
conforming C bit. Conforming segments, C = 1, can be 
executed and shared by programs at different privilege 
levels (see Section Protection). 
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Table 9. Access Rights Byte Definition for Code 
and Data Descriptions 





Bit 
Position Name | 
7 Present (P) P=1 
P=0 
6-5 Descriptor Privilege 
Levels (DPL) 
4 Segment Descriptor (S) S=1 
$=0 
3 Executable (E) E=0 
2 Expansion Direction (ED) ED=0 
ED=1 
1 Writeable (W) W=0 
W =1 
3 Executable (E) E=1 
2 Conforming (C) C=1 
1 Readable (R) R=0 
R=1 
0 Accessed (A) A=0 
A=1 


31 0 
Segment Base 15-0 Segment Limit 15—0 


Function 


Segment is mapped into physical memory. 

No mapping to physical memory exists, base and limit are 
not used. 

Segment privilege attribute used in privilege tests. 


Code or Data (includes stacks) segment descriptor. 
System Segment Descriptor or Gate Descriptor. 


Descriptor type is data segment. 


— lf Data 
Expand up segment, offsets must be < limit. Segment 
Expand down segment, offsets must be > limit. (S=1, 
Data segment may not be written into. E =0) 
Data segment may be written into. 
Descriptor type is code segment. lf Code 
Code segment may only be executed when Segment 
CPL2DPL and CPL remains unchanged. (S=1, 
Code segment may not be read. E = 1) 


Code segment may be read. 


Segment has not been accessed. 
Segment selector has been loaded into segment register 
or used by selector test instructions. 





0 
imi Access Rights Base 
D/B 1 = Default Instructions Attributes are 32 bits 
0 = Default Instructions Attributes are 16 bits 

AVL Available field for user or OS 
G Granularity Bit: 1 =Segment length is page granular, O= Segment length is byte granular 
0 Bit must be zero (0) for compatibility with future processors 
Note: In a maximum-size segment (i.e., a segment with G = 1 and segment limit 19-0 = FFFFFH), the lowest 12 bits of 

the segment base should be zero (i.e., segment base 11—000 = O00H). 

15021B-023 


Figure 20. Code and Data Segment Descriptors 


Segments identified as data segments (E=0, S=1) are 
used for two types of Am3886DXL microprocessor 
segments: stack and data segments. The expansion 
direction (ED) bit specifies if a segment expands down- 
ward (stack) or upward (data). If a segment is a stack 
segment, all offsets must be greater than the segment 
limit. On a data segment all offsets must be less than or 
equal to the limit. In other words, stack segments start at 
the base linear address plus the maximum segment limit 
and grow down to the base linear address plus the limit. 
On the other hand, data segments start at the base 
linear address and expand to the base linear address 
plus limit. 


The write (W) bit controls the ability to write into a seg- 
ment. Data segments are read-only if W=0. The stack 
segment must have W =1. 


The B bit controls the size of the stack pointer register. If 
B= 1, then PUSHes, POPs, and CALLs all use the 32-bit 
ESP register for stack references and assume an upper 
limit of FFFFFFFFH. If B=0, stack instructions all use 
the 16-bit SP register and assume an upper limit of 
FFFFH. 


System Descriptor Formats 


System segments describe information about operating 
system tables, tasks, and gates. Figure 21 shows the 
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general format of system segment descriptors, and the 
various types of system segments. The Am386DXL mi- 
croprocessor system descriptors contain a 32-bit base 
linear address and a 20-bit segment limit. 80286 system 
descriptors have a 24-bit base address and a 16-bit seg- 
ment limit. 80286 system descriptors are identified by 
the upper 16 bits being all zeros. 


LDT Descriptors (S=0, Type = 2) 


LDT descriptors (S=0, TYPE=2) contain information 
about Local Descriptor Tables. LDTs contain a table of 
segment descriptors, unique to a particular task. Since 
the instruction to load the LDTR is only available at privi- 
lege level 0, the DPL field is ignored. LDT descriptors 
are only allowed in the Global Descriptor Table (GDT). 


TSS Descriptors (S = 0, Type = 1, 3, 9, B) 


A Task State Segment (TSS) descriptor contains infor- 
mation about the location, size, and privilege level of a 
TSS. ATSS inturn is a special fixed format segment that 
contains all the state information for atask anda linkage 
field to permit nesting tasks. The Type field is used to in- 
dicate whether the task is currently BUSY (i.e., on a 
chain of active tasks) or the TSS is available. The Type 
field also indicates if the segment contains a 80286 ora 
Am386DXL microprocessor TSS. The Task Register 
(TR) contains the selector that points to the current TSS. 


Gate Descriptors (S = 0, Type = 4-7, C, F) 


Gates are used to control access to entry points within 
the target code segment. The various types of gate de- 
scriptors are call gates, task gates, interrupt gates, and 
trap gates. Gates provide a level of indirection between 
the source and destination of the control transfer. This 
indirection allows the processor to automatically per- 
form protection checks. It also allows system designers 
to control entry points to the operating system. Call 
gates are used to change privilege levels (see Section 
Protection), task gates are used to perform a task 


at 






Segment Base 15-0 


Type Defines 


Invalid 

Available 80286 TSS 

LDT 

Busy 80286 TSS 

80286 Call Gate 

Task Gate (for 80286 or Am386DXL CPU Task) 
80286 Interrupt Gate 

80286 Trap Gate 


NOOO h WM 4 © 


iy are | DPL| | Type 
| _ Limit yp Base 


switch, and interrupt and trap gates are used to specify 
interrupt service routines. 


Figure 22 shows the format of the four types of gate de- 
scriptors. Call gates are primarily used to transfer pro- 
gram control to a more privileged level. The call gate de- 
scriptor consists of three fields: the access byte; a long 
pointer (selector and offset) that points to the start of a 
routine; and a word count that specifies how many pa- 
rameters are to be copied from the caller’s stack to the 
stack of the called routine. The word count field is only 
used by call gates when there is a change in the privi- 
lege level, other types of gates ignore the word count 
field. 


Interrupt and trap gates use the destination selector and 
destination offset fields of the gate descriptor as a point- 
er to the start of the interrupt or trap handler routines. 
The difference between interrupt gates and trap gates is 
that the interrupt gate disables interrupts (resets the IF 
bit) while the trap gate does not. 


Task gates are used to switch tasks. Task gates may 
only refer to a task state segment (see Section Task 
Switching); therefore, only the destination selector por- 
tion of atask gate descriptor is used, and the destination 
Offset is ignored. 


Exception 13 is generated when a destination selector 
does not refer to a correct descriptor type, i.e., a code 
segment for an interrupt, trap or call gate, a TSS fora 
task gate. 


The access byte format is the same for all gate descrip- 
tors. P=1 indicates that the gate contents are valid. 
P = 0 indicates the contents are not valid and causes Ex- 
ception 11 if referenced. DPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (see Section Protection). The S field, bit 4 of the 
access rights byte, must be 0 to indicate a system con- 
trol descriptor. The type field specifies the descriptor 
type as indicated in Figure 22. 


16 0 





Segment Limit 15-0 






Type Defines 


Invalid 

Available Am386DXL CPU TSS 
Undefined (Reserved) 

Busy Am386DXL CPU TSS 
Am386DXL CPU Call Gate 
Undefined (Reserved) 
Am386DXL CPU Interrupt Gate 
Am386DXL CPU Trap Gate 


MMNOODPYO® 


Note: In amaximum-size segment (i.e., segment with G= 1 and segment limit 19-0 = FFFFFH), the lowest 12 bits 
of the segment base should be zero (i.e., segment base 11-000 = O00H). 
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Figure 21. System Segments Descriptors 
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Gate Descriptors Fields 


Name Value 
Type 4 
5 
6 
7 
C 
E 
F 
P 0 
1 


DPL T Word 


Description 


80286 Cail Gate 

Task Gate (for 80286 or AmM386DXL CPU Task) 
80286 Interrupt Gate 

80286 Trap Gate 

Am386DXL CPU Call Gate 

Am386DXL CPU Interrupt Gate 

Am386DXL CPU Trap Gate 

Descriptor contents are not valid 

Descriptor contents are valid 









Offset 15—0 





DPL—Least privileged level at which a task may access the gate. WORD COUNT 0-—31—the number of parameters to copy 
from caller's stack to the called procedure’s stack. The parameters are 32-bit quantities for Am386DXL CPU gates, and 


16-bit quantities for 80286 gates. 


DESTINATION 16-Bit 
SELECTOR Selector 
DESTINATION Offset 
OFFSET 16-bit 80286 


32-bit Am386DXL CPU 


Selector to the target code segment 
or 
Selector to the target state segment for task gate 


Entry point within the target code segment 
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Figure 22. Gate Descriptor Formats 


Difference Between AmM386DXL Microprocessor 
and 80286 Descriptors 


In order to provide operating system compatibility be- 
tween the 80286 and Am386DXL microprocessor, the 
Am386DXL CPU supports all of the 80286 segment de- 
scriptors. Figure 23 shows the general format of an 
80286 system segment descriptor. The only differences 
between 80286 and Am386DXL device descriptor for- 
mats are that the values of the type fields and the limit 
and base address fields have been expanded for the 
Am386DXL device. The 80286 system segment de- 
scriptors contained a 24-bit base address and 16-bit 
limit, while the AmM386DXL microprocessor system seg- 
ment descriptors have a 32-bit base address, a 20-bit 
limit field, and a granularity bit. 


By supporting 80286 system segments, the AM386DXL 
microprocessor is able to execute 80286 application 
programs on a AM3886DXL CPU operating system. This 
is possible because the processor automatically under- 
stands which descriptors are 80286-style descriptors 
and which are Am386DXL microprocessor-style de- 
scriptors. In particular, if the upper word of a descriptor 
is zero, then that descriptor is a 80286-style descriptor. 


Am386DXL Microprocessor 


The only other differences between 80286-style de- 
scriptors and Am386DXL microprocessor descriptors is 
the interpretation of the word count field of call gates and 
the B bit. The word count field specifies the number of 
16-bit quantities to copy for 80286 call gates and 32-bit 
quantities for AM3886DXL device call gates. The B bit 
controls the size of PUSHes when using a call gate; if 
B=0, PUSHes are 16 bits, if B= 1, PUSHes are 32 bits. 


Selector Fields 


A selector in Protected Mode has three fields: Local or 
Global Descriptor Table Indicator (Tl), Descriptor Entry 
Index (Index), and Requestor (the selector’s) Privilege 
Level (RPL) as shown in Figure 24. The TI bits select 
one of two memory-based tables of descriptors (the 
Global Descriptor Table or the Local Descriptor Table). 
The Index selects one of 8K descriptors in the appropri- 
ate descriptor table. The RPL bits allow high speed test- 
ing of the selector’s privilege attributes. 


Segment Descriptor Cache 


In addition to the selector value, every segment register 
has a segment descriptor cache register associated 
with it. Whenever a segment register’s contents are 
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changed, the 8-byte descriptor associated with that not visible to the programmer. Since descriptor caches 
selector is automatically loaded (cached) on the chip. only change when a segment register is changed, 
Once loaded, all references to that segment use the programs that modify the descriptor tables must reload 
cached descriptor information instead of reaccessing the appropriate segment registers after changing a 
the descriptor. The contents of the descriptor cache are descriptor’s value. 


a 0 


| Selector Base 15-0 | Base 15-0 Segment Limit 15-0 0 


R d fc Future U DP Type 
jp Rewmgiergume eT Base - 














Base Base Address of the Segment 
Limit The length of the Segment 
P Present Bit: 1 = Present, 0 = Not Present 
DPL Descriptor Privilege Levels 0-3 
Ss System Descriptor: 0 = System, 1 = User 
Type Type of Segment 
15021B-026 
Figure 23. 80286 Code and Data Segment Descriptors 
Selector 
15 4321 0 
Segment | | 
Register | gq | 9------ 
Descriptor 
Number 
2 sl 
po 
: ae 
Local Descriptor Table Global Descriptor Table 
15021B-027 


Figure 24. Example Descriptor Selection 
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Segment Descriptor Register Settings 


The contents of the segment descriptor cache vary de- 
pending on the mode the Am386DXL microprocessor is 
operating in. When operating in Real Address Mode, the 
segment base, limit, and other attributes within 
the segment cache registers are defined as shown in 
Figure 25. 


For compatibility with the 8086 architecture, the base is 
set to 16 times the current selector value, the limit is 
fixed at OOOOFFFFH, andthe attributes are fixed so as to 


AMD cl 


indicate the segment is present and fully usable. In Real 
Address Mode, the internal privilege level is always 
fixed to the highest level, level 0, so I/O and other privi- 
leged op-codes may be executed. 


When operating in Protected Mode, the segment base, 
limit, and other attributes within the segment cache reg- 
isters are defined as shown in Figure 26. In Protected 
Mode, each of these fields are defined according to the 
contents of the segment descriptor indexed by the se- 
lector value loaded into the segment register. 


Segment Descriptor Cache Register Contents 


32-Bit Base 
(Updated During Selector 32-Bit Limit 
Load into Segment Register) (Fixed) 


Conforming Privilege 
Stack Size 
Executable 
Writeable 
Readable 
Expansion Direction 
Granularity 
Accessed 
Privilege Level 


Other Attributes 
(Fixed) 








Present 
BASE LIMIT | 


CS | 16X Current CS Selector* OOOOFFFFH 


eceeweenweweweeeeeeaeuxew#wmeeeeeweeweewe eweeeweewnrnw w w= 


ee Ra KI 
05 | tex Gureri0s seaor | ooooreern | v[o| ve] ul y|y¥] a -|- 
ES | 16K Gunort es saosor | oooorrrrH | v| of | e[ wv] ¥| w] -| - 
rs [roxomenssaeao | oowrrrre [vf of vf ef ul vf vf wf -[- 


GS | 16X Current GS Selector QOOOFFFFH Y{;o; Y;| By UT YY YY N - 

Key: Y = Yes D = Expand down 

N = No B = Byte granularity 

0 = Privilege level 0 P = Page granularity 

1 = Privilege level 4 W = Push/pop 16-bit words 

2 = Privilege level 2 F = Push/pop 32-bit Dwords 

3 = Privilege level 3 — = Does not apply to that segment cache register 

U = Expand up 


“Except the 32-bit CS base is initialized to FFFFFOOOH after reset until first intersegment control transfer (e.g., intersegment CALL, or 
intersegment JMP, or INT). (See Figure 27 Example.) 
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Figure 25. Segment Descriptor Caches for Real Address Mode 
(Segment Limit and Attributes are Fixed) 
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Segment Descriptor Cache Register Contents 


32-Bit Base 32-Bit Limit Other Attributes 
(Updated During Selector (Updated During Selector (Updated During Selector 
Load into Segment Register) Load Into Segment Register) Load Into Segment Register) 


Conforming Privilege 
Stack Size 
Executable 
Writeable 
Readable 
Expansion Direction 





Granularity 





Accessed 
Privilege Level 


Present 
BASE LIMIT i 


CS | Base per Seg Descr Limit per Seg Descr 


= 
: 
: 
FS 





GS | Base per Seg Descr Limit per Seg Descr d -|- 
Key: Y = Fixed Yes 

N = Fixed No 

d = Per segment descriptor 

p = Per segment descriptor; descriptor must indicate “present” to avoid Exception 11 (Exception 12 in case of SS) 

r = Per segment descriptor, but descriptor must indicate “readable” to avoid Exception 13 (special case for SS) 

w = Per segment descriptor, but descriptor must indicate “writeable” to avoid Exception 13 (special case for SS) 

~ = Does not apply to that segment cache register 

15021B-029 
Figure 26. Segment Descriptor Caches for Protected Mode (Loaded per Descriptor) 

When operating in a Virtual 8086 Mode within the Pro- attributes are fixed so as to indicate the segment 
tected Mode, the segment base, limit, and other attrib- is present and fully usable. The virtual program exe- 


utes within the segment cache registers are defined cutes at lowest privilege level, level 3, to allow trapping 
as shown in Figure 27. For compatibility with the 8086 of all IOPL-sensitive instructions and level 0 only 
architecture, the base is set to 16 times the current instructions. 

selector value, the limit is fixed at OOOOFFFFH, and the 
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Segment Descriptor Cache Register Contents 


-Bit B 
(Updated During Selector 32-Bit Limit Other Attributes 
Load into Segment Register) (Fixed) (Fixed) 


Conforming Privilege 
Stack Size 
Executable 
Writeable 
Readable 
Expansion Direction 





Granularity 
Accessed 





Privilege Level 


Present 
BASE LIMIT | 


CS | 16X Current CS Selector OOOOFFFFH Y/| 37] Y} BJ U;] YY YT YY] -Y|N 
ss | 16X Current SS Selector | ooooFFFFH | Y|3| Y| B] U; Y|yY|N{| w| - 
DS | 16X Current DS Selector | ooooFFFFH | Y| 3| y| Bij uj y| y| N| -| - 
ES | 16X Current ES Selector | ooooFFFFH | Y| 3] Y| B| U} yY]| Y| N| -| - 
FS | 16X Current FS Selector | oooofFFFH | Y|3| Y]| B] U| Y| Y| N] -] - 
GS | 16X Current GS Selector OOOOFFFFH Y{ 3) YY} BJ UJ Y] Y] Ni -f - 

Y = Yes D = Expand down 

N = No B = Byte granularity 

0 = Privilege level 0 P = Page granularity 

1 = Privilege level 1 W = Push/pop 16-bit words 

2 = Privilege level 2 F = Push/pop 32-bit Dwords 

3 = Privilege level 3 — = Does not apply to that segment cache register 

U = Expand up 

15021B-030 


Figure 27. Segment Caches for Virtual 8086 Mode within Protected Mode 
(Segment Limit and Attributes are Fixed) 
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Protection 


Protection Concepts 

The Am386DXL microprocessor has four levels of pro- 
tection that are optimized to support the needs of a 
multitasking operating system to isolate and protect 
user programs from each other and the operating sys- 
tem. The privilege levels control the use of privileged in- 
structions, I/O instructions, and access to segments and 
segment descriptors. Unlike traditional microprocessor 
based systems where this protection is achieved only 
through the use of compiex external hardware and soft- 
ware, the Am386DXL CPU provides the protectionona 
page basis when paging is enabled (see Section Page 
Level Protection). 


The four-level hierarchical privilege system is illustrated 
in Figure 28. It is an extension of the user/supervisor 
privilege mode commonly used by minicomputers and, 
in fact, the user/supervisor mode is fully supported by 
the Am386DXL microprocessor paging mechanism. 
The privilege levels (PL) are numbered 0 through 3. 
Level 0 is the most privileged or trusted level. 


CPU 
Enforced 
Software 
Interfaces 





| Applications | 





OS Extensions 










System 
Services 


Kernel 
PL=0 
Most 
Privileged / 


High Speed 
Operating 
System 
Interface 
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Figure 28. Four-Level Hierarchical Protection 


Rules of Privilege 


The Am386DXL microprocessor controls access to both 
data and procedures between levels of a task, accord- 
ing to the following rules. 


— Data stored inasegment with privilege level pcanbe 
accessed only by code executing at a privilege level 
at least as privileged as p. 

™ Acode segment/procedure with privilege level p can 
only be called by a task executing at the same ora 
lesser privilege level than p. 


Privilege Levels 
Task Privilege 


At any point in time, a task on the Am386DXL micropro- 
cessor always executes at one of the four privilege lev- 
els. The Current Privilege Level (CPL) specifies the 
task’s privilege level. A task’s CPL may only be changed 
by control transfers through gate descriptors to a code 
segment with a different privilege level (see Section 
Privilege Level Transfers). Thus, an application pro- 
gram running at PL=3 may call an operating system 
routine at PL = 1 (via a gate) that would cause the task’s 
CPL to be set to 1 until operating system routine is 
finished. 


Selector Privilege (RPL) 


The privilege level of a selector is specified by the RPL 
field. The RPL is the two least significant bits of the se- 
lector. The selector’s RPL is only used to establish a 
less trusted privilege level than the current privilege 
level for the use of a segment. This level is called the 
task’s effective privilege level (EPL). The EPL is defined 
as being the least privileged (i.e., numerically larger) 
level of a task’s CPL and a selector’s RPL. Thus, if se- 
lector’s RPL =0, then the CPL always specifies the privi- 
lege level for making an access using the selector. On 
the other hand if RPL = 3, then a selector can only ac- 
cess segments at level 3 regardless of the task’s CPL. 
The RPL is most commonly used to verify that pointers 
passed to an operating system procedure do not access 
data that is of higher privilege than the procedure that 
originated the pointer. Since the originator of a selector 
can specify any RPL value, the Adjust RPL (ARPL) in- 
struction is provided to force the RPL bits to the 
originator’s CPL. 


V/O Privilege and I/O Permission Bitmap 


The I/O privilege level (IOPL, a 2-bit field inthe EFLAGS 
register) defines the least privileged level at which 
I/O instructions can be unconditionally performed. 1/O 
instructions can be unconditionally performed when 
CPL< IOPL. (The I/O instructions are IN, OUT, INS, 
OUTS, REP INS, and REP OUTS.) When CPL >IOPL, 
and the current task is associated with a 286 TSS, at- 
tempted I/O instructions cause an Exception 13 fault. 
When CPL > IOPL, and the current task is associated 
with aAm386DXL CPU TSS, the I/O Permission Bitmap 
(part of aAm386DXL microprocessor TSS) is consulted 
on whether I/O to the port is allowed, or an Exception 13 
fault is to be generated instead. For diagrams of the I/O 
Permission Bitmap, refer to Figures 29a and 29b. For 
further information on how the !/O Permission Bitmap is 
used in Protected Mode or in Virtual 8086 Mode, refer to 
Section Protection and I/O Permission Bitmap. 


The {/O privilege level (IOPL) also affects whether 
several other instructions can be executed or cause an 
Exception 13 fault instead. These instructions are called 
lOPL-sensitive instructions and they are CLI and STI. 
(Note that the LOCK prefix is not |OPL-sensitive on the 
Am386DXL microprocessor.) 
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The IOPL also affects whether the IF bit (interrupts en- 
able flag) can be changed by loading a value into the 
EFLAGS register. When CPL<IOPL, the IF bit can be 
changed by loading a new value into the EFLAGS regis- 
ter. When CPL>IOPL, the IF bit cannotbe changed by a 
new value POP’ed into (or otherwise loaded into) the 
EFLAGS register; the IF bit merely remains unchanged 
and no exception is generated. 


Table 10. Pointer Test Instructions 





Instruction Operands Function 
ARPL 





Selector, 
Register 


Adjust Requested Privilege 
Level; adjusts the RPL of 
the selector to the numeric 
maximum of current selec- 
tor RPL value and the RPL 
value in the register. Set 
zero flag if selector RPL 
was changed. 

VERR Selector VERify for Read: sets the 
zero flag if the segment 
referred to by the selector 
can be read. 

VERW Selector VERify for Write: sets the 
zero flag if the segment 
referred to by the selector 
can be written. 


LSL Register, 
Selector 


Load Segment Limit: reads 
the segment limit into the 
register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 
LAR Register, 
Selector 


Load Access Rights: reads 
the descriptor access 
rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 





Privilege Validation 


The Am386DXL CPU provides several instructions to 
speed pointer testing and help maintain system integrity 
by verifying that the selector value refers to an appropri- 
ate segment. Table 10 summarizes the selector valida- 
tion procedures available for the Am386DXL micropro- 
cessor. 


This pointer verification prevents the common problem 
of an application at PL = 3 calling an operating-systems 
routine at PL = 0 and passing the operating-systems 
routine a bad pointer that corrupts a data structure 
belonging to the operating system. If the operating-sys- 
tems routine uses the ARPL instruction to ensure that 
the RPL of the selector has no greater privilege than that 
of the caller, then this problem can be avoided. 


Descriptor Access 


There are basically two types of segment accesses: 
those involving code segments, such as control trans- 
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fers; and those involving data accesses. Determining 
the ability of a task to access a segment involves the 
type of segment to be accessed, the instruction used, 
the type of descriptor used, and CPL, RPL, and DPL as 
described above. 


Any time an instruction loads data segment registers 
(DS, ES, FS, GS) the Am3886DXL microprocessor 
makes protection validation checks. Selectors loaded in 
the DS, ES, FS, GS registers must refer only to data 
segments or readable code segments. The data access 
rules are specified in Section Rules of Privilege. The 
only exception to those rules is readable conforming 
code segments which can be accessed at any privilege 
level. 


Finally, the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is more 
privileged than the CPL an Exception 13 (General Pro- 
tection fault) is generated. 


The rules regarding the stack segmentare slightly differ- 
ent than those involving data segments. Instructions 
that load selectors into SS must refer to data segment 
descriptors for writeable data segments. The DPL and 
RPL must equal the CPL. All other descriptor types ora 
privilege level violation will cause Exception 13. A stack 
not present fault causes Exception 12. Note that an 
Exception 11 is used for a not-present code or data 
segment. 


Privilege Level Transfers 


Intersegment control transfers occur when a selector is 
loaded in the CS register. For a typical system most of 
these transfers are simply the result of a call or a jump to 
another routine. There are five types of control transfers, 
which are summarized in Table 11. 


Many of these transfers result in a privilege level trans- 
fer. Changing privilege levels is done only via control 
transfers by using gates, task switches, and interrupt or 
trap gates. 


Control transfers can only occur if the operation that 
loaded the selector references the correct descriptor 
type. Any violation of these descriptor usage rules will 
Cause an Exception 13 (e.g., JMP through a call gate or 
IRET from a normal subroutine call). 


In order to provide further system security, all control 
transfers are also subject to the privilege rules. 

The privilege rules require that: 

— Privilege level transitions can only occur via gates. 


— JMPs can be made to a non-conforming code 
segment with the same privilege or to a conforming 
code segment with greater or equal privilege. 

— CALLs can be made to a non-conforming code 
segment with the same privilege or via a gate to a 
more privileged level. 

— Interrupts handled within the task obey the same 
privilege rules as CALLs. 
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Table 11. Descriptor Types Used for Controi Transfer 


Control Transfer Types 
Intersegment within the same privilege level 


Intersegment to the same or higher privilege level | 


interrupt within task may change CPL 


Intersegment to a lower privilege level (change task CPL) 


Task Switch 


JMP, CALL, RET, IRET“ 
CALL 


interrupt Instruction, Trap or Interrup 
xception, External Interrupt | Gate IDT 


RET, IRET" 
CALL, JMP 
CALL, JMP 


IRET**, Interrupt Instruction, | 
Exception, External Interrupt | '@S* Gate IDT 


Descriptor | Descriptor 

Referenced Table 
Code Segment GDT/LDT 
Cail Gate GDT/LDT 


Operation Types 


Code Segment GDT/LDT 
| Task State Segment GDT 


“NT (Nested Task bit of flag register)=0 ‘**NT (Nested Task bit of flag register) = 1 


— Conforming Code segments are accessible by 
privilege levels that are the same or less privileged 
than the conforming-code segment’s DPL. 


— Both the requested privilege level (RPL) in the 
selector pointing to the gate and the task’s CPL must 
be of equal or greater privilege than the gate’s DPL. 


— The code segment selected in the gate must be the 
same or more privileged than the task’s CPL. 


-—— Return instructions that do not switch tasks can only 
return control to a code segment with same or less 
privilege. 

—- Task switches can be performed by a CALL, JMP, or 
INT that references either a task gate or task state 
segment whose DPL is less privileged or the same 
privilege as the old task’s CPL. 


Any control transfer that changes CPL within a task 
causes a change of stacks as a result of the privilege 
level change. The initial values of SS:ESP for privilege 
levels 0, 1, and 2 are retained in the task state segment 
(see Section Task Switching). During a JMP or CALL 
control transfer, the new stack pointer is loaded in the 
SS and ESP registers and the previous stack pointer is 
pushed onto the new stack. 


When returning to the original privilege level, use of the 
lower-privilege stack is restored as part of the RET or 
IRET instruction operation. For subroutine calls that 
pass parameters on the stack and cross privilege levels, 
a fixed number of words (as specified in the gate’s word 
count field) are copied from the previous stack to the 
currerit stack. The intersegment RET instruction with a 
stack adjustment value will correctly restore the previ- 
ous stack pointer upon return. 


Cali Gates 


Gates provide protected, indirect CALLs. One of the 
major uses of gates is to provide a secure method of 


privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trusted 
procedures (such as those that allocate memory or per- 
form I/O). 


Gate descriptors follow the data access rules of privi- 
lege; that is, gates can be accessed by a task if the EPL 
is equal to or more privileged than the gate descriptor’s 
DPL. Gates follow the control transfer rules of privilege 
and therefore may only transfer control to a more privi- 
leged level. 


Call gates are accessed via a CALL instruction and are 
syntactically identical to calling a normal subroutine. 
When an interlevel AmM386DXL microprocessor call 
gate is activated, the following actions occur: 


1. Load CS:EIP from gate check for validity; 

2. SS is pushed zero-extended to 32 bits; 

3. ESP is pushed; 

4. Copy word count 32-bit parameters from the old 
stack to the new stack; 

5. Push return address on stack. 


The procedure is identical for 80286 Call gates, except 
that 16-bit parameters are copied and 16-bit registers 
are pushed. 


Interrupt gates and Trap gates work in a similar fashion 
as the call gates, except there is no copying of parame- 
ters. The only difference between Trap and Interrupt 
gates is that control transfers through an Interrupt gate, 
disable further interrupts (i.e., the IF bit is set to 0), and 
Trap gates leave the interrupt status unchanged. 
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| 31 16 15 
| aCe EES RTS 
SSO 
cece eta eg or TE a ee ee ee 
sic eee maa a Ee ee 
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68 


TSS 
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CPL 
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Task 
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DEBUG 
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87 80 | 79 72 | 


| A See REE OFFSET +C 


/O Permission Bitmap 


(One Bit per Byte I/O 
Port. Bitmap may be 
Truncated using TSS Limit.) 


— Program 0 


Invisible 








TSS Limit = OFFSET + 2000H 


31 Am386DXL CPU TSS Descriptor (In GDT) 


Selector Base 15-0 Segment Limit 15—0 


| 7 «|_| ODPL ae 
Type = 9: Available | | 19-16 | 23-16 sf 


0 


(NI 


ON NS 


|OFFSET + 1FEC 
|OFFSET + 1FFO 
OFFSET + 1FF4 
OFFSET + 1FF8 
OFFSET + 1FFC 
OFFSET + 2000 





Am386DXL CPU TSS, 
Type = B: Busy 15021B-032a 
Am386DXL CPU TSS Figure 29a. TSS and TSS Registers 
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31 
63 
95 
127 


17 16 15 1413 12 11 109 
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Figure 29b. Sample I/O Permission Bit Map 


Task Switching 


A very important attribute of any multitasking/multi-user 
operating systems is its ability to rapidly switch between 
tasks or processes. The Am386DXL microprocessor di- 
rectly supports this operation by providing a task switch 
instruction in hardware. The Am3886DXL CPU task 
switch operation saves the entire state of the machine 
(all of the registers, address space, and a link to the pre- 
vious task), loads a new execution state, performs pro- 
tection checks, and commences execution in the new 
task, in about 17 ms. Like transfer of control via gates, 
the task switch operation is invoked by executing an 
intersegment JMP or CALL instruction that refers to a 
Task State Segment (TSS), or a task gate descriptor in 
the GDT or LDT. AnINT ninstruction, exception, trap, or 
external interrupt may also invoke the task switch opera- 
tion if there is a task gate descriptor in the associated 
IDT descriptor slot. 


The TSS descriptor points to a segment (see Figure 
29a) containing the entire Am386DXL microprocessor 
execution state while a task gate descriptor contains a 
TSS selector. The AmM386DXL CPU supports both 
80286 and Am386DXL CPU style TSSs. Figure 30 
shows a 80286 TSS. The limit of a AM3886DXL micro- 
processor TSS must be greater than 0064H (002BH for 
a 80286 TSS) and can be as large as 4 Gb. In the addi- 
tional TSS space, the operating system is free to store 
additional information, such as the reason the task is in- 
active, time the task has spent running, and open files 
belonging to the task. 


Each task must have a TSS associated with it. The cur- 
rent TSS is identified by a special register in the 
Am386DXL microprocessor called the Task State Seg- 
ment Register (TR). This register contains a selector re- 
ferring to the task state segment descriptor that defines 
the current TSS. A hidden base and limit register associ- 
ated with TR are loaded whenever TR is loaded with a 
new selector. Returning from a task is accomplished by 
the IRET instruction. When IRET is executed, control is 
returned to the task which was interrupted. The current 
executing task’s state is saved in the TSS and the old 
task state is restored from its TSS. 


Several bits in the flag register and machine status word 
(CRO) give information about the state of a task that are 
useful to the operating system. The Nested Task (NT) 
(bit 14 in EFLAGS) controls the function of the IRET in- 
struction. If NT = 0, the IRET instruction performs the 
regular return; when NT = 1, IRET performs a task 
switch operation back to the previous task. The NT bit is 
set or reset in the following fashion. 


When a CALL or INT instruction initiates a task switch, 
the new TSS will be marked busy and the back link 
field of the new TSS set to the old TSS selector. The NT 
bit of the new task is set by CALL or INT initiated task 
switches. An interrupt that does not cause a task switch 
willclear NT. (The NT bit will be restored after execution 
of the interrupt handler.) NT may also be set or cleared 
by POPF or IRET instructions. 


The Am386DXL microprocessor Task State Segment is 
marked busy by changing the descriptor type field from 
Type 9H to Type BH. An 80286 TSS is marked busy 
by changing the descriptor type field from Type 1 to 
Type 3. Use of a selector that references a busy task 
state segment causes an Exception 13. 


The Virtual Mode (VM) bit 17 is used to indicate if a task 
is a virtual 8086 task. If VM=1, then the tasks will use 
the Real Mode addressing mechanism. The virtual 8086 
environment is only entered and exited via a task switch 
(see Section Virtual Mode). 


The coprocessor’s state is not automatically saved 
when a task switch occurs, because the incoming task 
may not use the coprocessor. The Task Switched (TS) 
Bit (bit 3 in the CRO) helps deal with the coprocessor’s 
state in a multitasking environment. Whenever the 
Am386DXL microprocessor switches tasks, it sets the 
TS bit. The Am386DXL CPU detects the first use of a 
processor extension instruction after a task switch and 
causes the processor extension not available Exception 
7. The exception handler for Exception 7 may then de- 
cide whether to save the state of the coprocessor. A 
processor extension not present Exception 7 will occur 
when attempting to execute an ESC or WAIT instruction 
ifthe Task Switched and Monitor coprocessor extension 
bits are both set (i.e., TS=1 and MP= 1). 
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Figure 30. 80286 TSS 


The T bit in the AmM386DXL microprocessor TSS indi- 
cates that the processor should generate a debug ex- 
ception when switching to a task. If T = 1, then upon en- 
try to anew task, a debug Exception 1 will be generated. 


Initialization and Transition to Protected Mode 


Since the AM386DXL microprocessor begins executing 
in Real Mode immediately after RESET, it is necessary 
to initialize the system tables and registers with the ap- 
propriate values. 


The GDT and IDT registers must refer to a valid GDT 
and IDT. The IDT should be at least 256-bytes long, 
and GDT must contain descriptors for the initial code 
and data segments. Figure 31 shows the tables and 
Figure 32 shows the descriptors needed for a simple 
Protected Mode Am386DXL microprocessor system. It 
has a single code and single data/stack segment each 
4 Gb long and a single privilege level PL =0. 


The actual method of enabling Protected Mode is to load 
CRO with PE bit set, via the MOV CRO, R/M instruction. 


This puts the Am386DXL microprocessor in Protected 
Mode. 


After enabling Protected Mode, the next instruction 
should execute an intersegment JMP to load the CS 
register and flush the instruction decode queue. The fi- 
nal step is to load ail of the data segment registers with 
the initial selector values. 


An alternate approach to entering Protected Mode that 
is especially appropriate for multitasking operating sys- 
tems is to use the built in task-switch to load all of the 
registers. In this case, the GDT would contain two TSS 
descriptors in addition to the code and data descriptors 
needed for the first task. The first JMP instruction in Pro- 
tected Mode would jump to the TSS causing a task 
switch and loading all of the registers with the values 
storedinthe TSS. The TR should be initialized to point to 
a valid TSS descriptor since a task switch saves the 
state of the current task in a task state segment. 


Paging 
Paging Concepts 


Paging is another type of memory management useful 
for virtual memory multitasking operating systems. Un- 
like segmentation that modularizes programs and data 
into variable length segments, paging divides programs 
into multiple uniform size pages. Pages bear no direct 
relation to the logical structure of a program. While seg- 
ment selectors can be considered the logical name of 
a program module or data structure, a page most 
likely corresponds to only a portion of a module or data 
structure. 


By taking advantage of the locality of reference dis- 
played by most programs, only a small number of pages 
from each active task need be in memory at any one 
moment. 


Paging Organization 
Page Mechanism 


The Am386DXL microprocessor uses two levels of ta- 
bles to translate the linear address (from the segmenta- 
tion unit) into a physical address. There are three com- 
ponents to the paging mechanism of the Am386DXL 
CPU: the page directory, the page tables, and the page 
itself (page frame). All memory-resident elements of the 
Am386DXL CPU paging mechanism are the same size, 
namely, 4 Kb. A uniform size for all of the elements sim- 
plifies memory allocation and reallocation schemes, 
since there is no problem with memory fragmentation. 
Figure 33 shows how the paging mechanism works. 
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Figure 32. GDT Descriptors for Simple System 





Page Descriptor Base Register 


CR2 is the Page Fault Linear Address register. It holds 
the 32-bit linear address that caused the last Page Fault 
detected. 


CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of the 
Page Directory. The lower 12 bits of CR3 are always 
zero to ensure that the Page Directory is always page 
aligned. Loading it via a MOV CR3, reg instruction 
causes the Page Table entry cache to be flushed, as will 


a task switch through a TSS that changes the value of 
CRO. (See Translation Look-Aside Buffer.) 


Page Directory 


The Page Directory is 4-Kb long and allows up to 1024 
Page Directory entries. Each Page Directory entry con- 
tains the address of the next level of tables, the Page Ta- 
bles and information about the page table. The contents 
of a Page Directory entry are shown in Figure 34. The 
upper 10 bits of the linear address (A31—A22) are used 
as an index to select the correct Page Directory entry. 
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Page Tables 


Each Page Table is 4 Kb and holds up to 1024 Page 
Table entries. Page Table entries contain the starting 
address of the page frame and statistical information 
about the page (see Figure 35). Address bits A21-A12 
are used as an index to select one of the 1024 Page Ta- 
ble entries. The 20 upper-bit page frame address is con- 
catenated with the lower 12 bits of the linear address to 
form the physical address. Page tables can be shared 
between tasks and swapped to disks. 


Page Directory/Table Entries 


The lower 12 bits of the Page Table entries and Page Di- 
rectory entries contain statistical information about 
pages and page tables respectively. The P (Present) bit 
0 indicates if a Page Directory or Page Table entry can 
be used in address translation. If P = 1, the entry can be 
used for address translation; if P = 0, the entry can not 
be used for translation. Note that the present bit of the 
page table entry that points to the page where code is 
currently being executed should always be set. Code 
that marks its own page not present should not be writ- 
ten. All of the other bits are available for use by the soft- 
ware. For example the remaining 31 bits could be used 
to indicate where on the disk the page is stored. 


The A (Accessed) bit 5 is set by the Am386DXL micro- 
processor for both types of entries before a read or write 
access occurs to an address covered by the entry. The 
D (Dirty) bit 6 is set to 1 before a write to an address cov- 
ered by that page table entry occurs. The D bit is unde- 
fined for Page Directory entries. When the P, A, and 
D bits are updated by the AmM386DXL CPU, the micro- 
processor generates a Read-Modify-Write cycle that 
locks the bus and prevents conflicts with other proces- 
sors or peripherals. Software that modifies these bits 
should use the LOCK prefix to ensure the integrity of the 
page tabies in multi-master systems. 


The 3 bits marked OS Reserved in Figures 34 and 35 
(bits 11-9) are software definable. OSs are free to use 
these bits for whatever purpose they wish. An example 
use of the OS Reserved bits would be to store informa- 
tion about page aging. By keeping track of how long a 
page has been in memory since being accessed, an op- 
erating system can implement a page replacement al- 
gorithm like Least Recently Used. 


The (User/Supervisor) U/S bit 2 and the (Read/Write) 
R/W bit 1 are used to provide protection attributes for 
individual pages. 


Page Level Protection (R/W, U/S Bits) 


The Am386DXL microprocessor provides a set of pro- 
tection attributes for paging systems. The paging 
mechanism distinguishes between two levels of protec- 
tion: user, which corresponds to level3 of the segmenta- 
tion based protection, and supervisor, which encom- 
passes all of the other protection levels (0, 1, 2). 
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Programs executing at level 0, 1, or 2 bypass the page 
protection, although segmentation based protection is 
still enforced by the hardware. 


The U/S and R/W bits are used to provide User/Supervi- 
sor and Read/Write protection for individual pages or for 
all pages covered by a Page Table Directory entry. The 
U/S and R/W bits in the first level Page Directory Table 
apply to all pages described by the page table pointed to 
by that directory entry. The U/S and R/W bits in the sec- 
ond level Page Table entry apply only to the page de- 
scribed by that entry. The U/S and R/W bits for a given 
page are obtained by taking the most restrictive of the 
U/S and R/W bits from the Page Directory Table entries 
and the Page Table entries and using these bits to ad- 
dress the page. 


Example: If the U/S and R/W bits for the Page Directory 
entry were 10 and the U/S and R/W bits for the Page Ta- 
ble entry were 01, the access rights for the page would 
be 01, the numerically smaller of the two. Table 12 
shows the effect of the U/S and R/W bits on accessing 
memory. 


Table 12. Protection Provided by R/W and U/S 


Permitted | 
Level3 | 










Permitted Access 





















U/S {| R/W Leveis 0,1, or 2 
o | oO None Read/Write 
0 1 None Read/Write 
Read-Only Read/Write 





0 
1 Read/Write Read/Write 
However, a given segment can be easily made read- 


only for level 0, 1, or 2 via the use of segmented protec- 
tion mechanisms (see Section Protection). 


Translation Look-Aside Buffer 


The Am386DXL microprocessor paging hardware is de- 
signed to support demand paged virtual memory sys- 
tems. However, performance would degrade substan- 
tially if the processor was required to access two levels 
of tables for every memory reference. To solve this 
problem, the Am386DXL device keeps a cache of the 
most recently accessed pages, this cache is called the 
Translation Look-Aside Buffer (TLB). The TLB is a four- 
way set associative 32-entry page table cache. It auto- 
matically keeps the most commonly used Page Table 
entries in the processor. The 32-entry TLB coupled with 
a 4K-page size results in coverage of 128 Kb of memory 
addresses. For many common multitasking systems, 
the TLB will have a hit rate of about 98%. This means 
that the processor will only have to access the two-level 
page structure on 2% of all memory references. Figure 
36 illustrates how the TLB complements the AmM3886DXL 
microprocessor’s paging mechanism. 
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Figure 36. Translation Look-Aside Buffer 


Paging Operation 


The paging hardware operates in the following fashion: 
the paging unit hardware receives a 32-bit linear ad- 
dress from the segmentation unit. The upper 20 linear 
address bits are compared with all 32 entries in the TLB 
to determine if there is a match. If there is a match (i.e., a 
TLB hit), then the 32-bit physical address is calculated 
and will be placed on the address bus. 


However, if the Page Table entry is not in the TLB, the 
Am386DXL microprocessor will read the appropriate 
Page Directory entry. If P = 1 on the Page Directory en- 
try indicating that the page table is in memory, then the 
Am386DXL device will read the appropriate Page Table 
entry and set the Access bit. If P = 1 on the Page Table 
entry indicating that the page is in memory, the 
Am386DXL device will update the Access and Dirty bits 
as needed and fetch the operand. The upper 20 bits of 
the linear address, read from the page table, will be 
stored in the TLB for future accesses. However, if P = 0 
for either the Page Directory entry or the Page Table 
Entry, then the processor will generate a Page Fault, an 
Exception 14. 


The processor will also generate an Exception 14, Page 
Fault, if the memory reference violated the page protec- 
tion attributes (i.e., U/S or R/W; trying to write to a read- 
only page). CR2 will hold the linear address that caused 
the page fault. If a second page fault occurs while the 
processor is attempting to enter the service routine for 
the first, then the processor will invoke the Page Fault 
(Exception 14) handler a second time, rather than the 
Double Fault (Exception 8) handler. Since Exception 14 
is classified as a fault, CS:EIP will point to the instruction 
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causing the page fault. The 16-bit error code pushed as 
part of the page fault handler will contain status bits 
which indicate the cause of the Page Fault. 


The 16-bit error code is used by the operating system to 
determine how to handle the Page Fault. Figure 37 
shows the format of the page-fault error code and the in- 
terpretation of the bits. 


Note: Even though the bits in the error code (U/S, R/W, 
and P) have similar names as the bits in the Page Direc- 
tory/Table entries, the interpretation of the error code 
bits is different. Figure 38 indicates what type of access 
caused the Page Fault. 
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U;U; UT UP, Uy; U;UT UP; UT UPL UT UTU 
| S|R 


15021B-040 





Figure 37. Page Fault Error Code Format 


U/S: The U/S bit indicates whether the access causing 
the fault occurred when the processor was executing 
the User Mode (U/S=1) or in Supervisor mode 
(U/S = 0). 

R/W: The R/W bit indicates whether the access causing 
the fault was a Read (R/W = 0) or a Write (R/W=1). 
P: The P bit indicates whether a Page Fault was caused 
by a not-present page (P = 0) or by a page level protec- 
tion violation (P = 1). 

U: Undefined. 


U/S Access Type 


Supervisor” Read 
Supervisor Write 
User Read 

User Write 







“Descriptor table access will fault with U/S = 0, even if the 
program is executing at level 3. 


15021B-041 
Figure 38. Type of Access Causing Page Fault 


Operating System Responsibilities 


The Am386DXL microprocessor takes care of the page 
address transiation process, relieving the burden from 
an operating system in a demand-paged system. The 
operating system is responsible for setting up the initial 
page tables and handling any page faults. The operating 
system also is required to invalidate (i.e., flush) the TLB 
when any changes are made to any of the Page 
Table entries. The operating system must reload CR3 to 
cause the TLB to be flushed. 
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Setting up the tables is simply a matter of loading CR3 
with the address of the Page Directory and allocating 
space for the Page Directory and the Page Tables. The 
primary responsibility of the operating system is to im- 
plement a swapping policy and handle all of the page 
faults. 


A final concern of the operating system is to ensure that 
the TLB cache matches the information in the paging ta- 
bles. In particular, any time the operating system sets 
the P present bit of page table entry to zero, the TLB 
must be flushed. Operating systems may want to take 
advantage of the fact that CR3 is stored as part ofa TSS 
to give every task or group of tasks its own set of page 
tables. 


Virtual 8086 Environment 
Executing 8086 Programs 


The Am386DXL microprocessor allows the execution of 
8086 application programs in both Real Mode and in 
the Virtual 8086 Mode (Virtual Mode). Of the two meth- 
ods, Virtual 8086 Mode offers the system designer 
the most flexibility. The Virtual 8086 Mode allows the 
execution of 8086 applications, while still allowing the 
system designer to take full advantage of the 
Am886DXL device protection mechanism. In particular, 
the Am386DXL CPU allows the simultaneous execution 
of 8086 operating systems and its applications, and a 
Am386DXL CPU operating system and both 80286 
and Am386DXL microprocessor applications. Thus, ina 
multi-user Am386DXL CPU computer, one person 
could be running a MS-DOS spreadsheet, another per- 
son using MS-DOS, and a third person could be running 
multiple UNIX utilities and applications. Each person in 
this scenario would believe that he had the computer 
completely to himself. Figure 39 illustrates this concept. 


Virtual 8086 Mode Addressing Mechanism 


One of the major differences between Am386DXL mi- 
croprocessor Real and Protected Modes is how the seg- 
ment selectors are interpreted. When the processor is 
executing in Virtual 8086 Mode, the segment registers 
are used in an identical fashion to Real Mode. The 
contents of the segment register is shifted left 4 bits 
and added to the offset to form the segment base linear 
address. 


The Am386DXL microprocessor allows the operating 
system to specify which programs use the 8086 style 
address mechanism, and which programs use Pro- 
tected Mode addressing, on a per task basis. Through 
the use of paging, the 1-Mb address space of the Virtual 
Mode task can be mapped to anywhere in the 4-Gb lin- 
ear address space of the Am386DXL device. Like Real 
Mode, Virtual Mode effective addresses (i.e., segment 
offsets) that exceed 64 Kb will cause an Exception 13. 
However, these restrictions should not prove to be im- 
portant because most tasks running in Virtual 8086 
Mode will simply be existing 8086 application programs. 
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Paging In Virtual Mode 


The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks and provides protection 
and operating system isolation. Although it is not 
strictly necessary to have the paging hardware enabled 
to run Virtual Mode tasks, it is needed in order to run 
multiple Virtual Mode tasks or to relocate the address 
space of a Virtual Mode task to physical address space 
greater than 1 Mb. 


The paging hardware allows the 20-bit linear address 
produced by a Virtual Mode program to be divided into 
up to 256 pages. Each one of the pages can be located 
anywhere within the maximum 4-Gb physical address 
space of the Am386DXL microprocessor. In addition, 
since CR3 (the Page Directory Base Register) is loaded 
by atask switch, each Virtual Mode task can use a differ- 
ent mapping scheme to map pages to different physical 
locations. Finally, the paging hardware allows the shar- 
ing of the 8086 operating system code between multiple 
8086 applications. Figure 39 shows how the AM386DXL 
device paging hardware enables multiple 8086 pro- 
grams to run under a virtual memory demand paged 
system. 


Protection and I/O Permission Bitmap 


All Virtual 8086 Mode programs execute at privilege 
level 3, the level of least privilege. As such, Virtual 8086 
Mode programs are subject to all of the protection 
checks defined in Protected Mode. (This is different 
from Real Mode which implicitly is executing at privilege 
level 0, the level of greatest privilege.) Thus, an attempt 
to execute a privileged instruction when in Virtual 8086 
Mode will cause an Exception 13 fault. 


The following are privileged instructions, which may be 
executed only at Privilege Level 0. Therefore, attempt- 
ing to execute these instructions in Virtual 8086 Mode 
(or anytime CPL > 0) causes an Exception 13 fault. 


LIDT; MOV DRn, reg; MOV reg,DRn; 
LGDT; MOV TRn, reg; MOV reg, TRn; 
LMSW; MOV CRn, reg; MOV reg, CRn; 
CLTS; 
HLT; 


Several instructions, particularly those applying to the 
multitasking model and protection model, are available 
only in Protected Mode. Therefore, attempting to exe- 
cute the following instructions in Real Mode or in Virtual 
8086 Mode generates an Exception 6 fault. 


LTR; STR; 
LLDT; SLDT; 
LAR; VERR; 
LSL; VERW; 
ARPL. 
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Figure 39. Virtual 8086 Environment Memory Management 


The instructions that are |OPL-sensitive in Protected 
Mode are: 

IN; STi; 

OUT; CLI; 

INS; 

OUTS; 

REP INS; 

REP OUTS. 

In Virtual 8086 Mode, a slightly different set of instruc- 


tions are made IOPL-sensitive. The following instruc- 
tions are IOPL-sensitive in Virtual 8086 Mode: 


INT n; STI; 
PUSHF; CLI; 
POPF; IRET. 


The PUSHF, POPF, and IRET instructions are IOPL- 
sensitive in Virtual 8086 Mode only. This provision al- 
lows the IF flag (interrupt enable flag) to be virtualized to 
the Virtual 8086 Mode program. The INT n software 


interrupt instruction is also |OPL-sensitive in Virtual 
8086 Mode. Note, however, that the INT 3 (op-code 
OCCH), INTO, and BOUND instructions are not |OPL- 
sensitive in Virtual 8086 Mode (they are not IOPL sensi- 
tive in Protected Mode either). 


Note that the I/O instructions (IN, OUT, INS, OUTS, 
REP INS, and REP OUTS) are not |OPL-sensitive in Vir- 
tual 8086 Mode. Rather, the I/O instructions become 
automatically sensitive to the /O Permission Bitmap 
contained in the Am386DXL CPU TSS. The I/O Permis- 
sion Bitmap, automatically used by the Am386DXL mi- 
croprocessor in Virtual 8086 Mode, is illustrated by Fig- 
ures 29a and 29b. 


The I/O Permission Bitmap can be viewed as a 
0-64K bit string, that begins in memory at offset 
Bit_Map_Offset in the current TSS. Bit_Map_Offset 
must be < DFFFH so the entire bit map and the byte FFH 
that follows the bit map are all at offset < FFFFH from the 
TSS base. The 16-bit pointer Bit_Map_ Offset (15-0) is 
found in the word beginning at offset 66H (102 decimal) 
from the TSS base, as shown in Figure 29a. 
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Each bit in the I/O Permission Bitmap corresponds to a 
single byte-side I/O port, as illustrated in Figure 29a. Ifa 
bit is 0, I/O to the corresponding byte-wide port can oc- 
cur without generating an exception. Otherwise the I/O 
instruction causes an Exception 13 fault. Since every 
byte-wide |/O port must be protectable, all bits corre- 
sponding to a Word-wide or Dword-wide port must be 0 
for the Word-wide or Dword-wide I/O to be permitted. If 
all the referenced bits are 0, the I/O will be allowed. If 
any referenced bits are 1, the attempted I/O will cause 
an Exception 13 fault. 


Due to the use of a pointer to the base of the I/O Permis- 
sion Bitmap, the bitmap may be located anywhere within 
the TSS or may be ignored completely by pointing the 
Bit_Map_ Offset (15-0) beyond the limit of the TSS seg- 
ment. In the same manner, only a small portion of the 
64K I/O space need have an associated map bit by ad- 
justing the TSS limit to truncate the bitmap. This elimi- 
nates the commitment of 8K of memory when a com- 
plete bitmap is not required, while allowing the fully gen- 
eral case if desired. 


Example of Bitmap for I/O Ports 0-255: Setting the TSS 
limit to {Bit_Map_ Offset + 31 +1**} [**see note below] 
will allow a 32-byte bitmap for the I/O ports 0-255, plus a 
terminator byte of all 1s [**see note below]. This allows 
the I/O bitmap to control I/O Permission to I/O ports 
0-255 while causing an Exception 13 fault on attempted 
I/O to any I/O port 256 through 65,565. 


**Important Implementation Note: Beyond the last byte of 
/O mapping, information in the I/O Permission Bitmap must 
be a byte containing all 1s. The byte of all 1s must be within the 
limit of the Am386DXL CPU TSS segment (see Figure 29a). 


Interrupt Handling 


In order to fully support the emulation of an 8086 ma- 
chine, interrupts in Virtual 8086 Mode are handled in a 
unique fashion. When running in Virtual Mode, all inter- 
rupts and exceptions involve a privilege change back 
to the host Am3886DXL CPU operating system. The 
Am386DXL microprocessor operating system deter- 
mines if the interrupt comes from a Protected Mode ap- 
plication or from a Virtual Mode program by examining 
the VM bit in the EFLAGS image stored on the stack. 


When a Virtual Mode program is interrupted and execu- 
tion passes to the interrupt routine at level 0, the VM bit 
is cleared. However, the VM bit is still set inthe EFLAGS 
image on the stack. 


The Am386DXL microprocessor operating system in 
turn handles the exception or interrupt and then returns 
control to the 8086 program. The Am386DXL CPU oper- 
ating system may choose to let the 8086 operating sys- 
tem handle the interrupt or it may emulate the function of 
the interrupt handler. For example, many 8086 operat- 
ing system calls are accessed by PUSHing parameters 
on the stack, and then executing an INT n instruction. If 
the IOPL is set to 0 then all INT n instructions will be in- 
tercepted by the Am386DXL microprocessor operating 
system. The Am3886DXL CPU operating system could 
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emulate the 8086 operating system’s call. Figure 40 
shows how the Am3886DXL microprocessor operating 
system could intercept an 8086 operating system's call 
to Open a File. 


The Am386DXL microprocessor operating system can 
provide a Virtual 8086 Environment that is totally trans- 
parent to the application software via intercepting and 
then emulating 8086 operating system’s calls, and inter- 
cepting IN and OUT instructions. 


Entering and Leaving Virtual 8086 Mode 


Virtual 8086 Mode is entered by executing an IRET in- 
struction (at CPL = 0), or Task Switch (at any CPL) to 
a Am386DXL microprocessor task whose Am386DXL 
microprocessor TSS has a EFLAGS image containing a 
1 inthe VM bit position while the processor is executing 
in Protected Mode. That is, one way to enter Virtual 
8086 Mode is to switch to a task with a AM386DXL de- 
vice TSS that has a 1 in the VM bit in the EFLAGS im- 
age. The other way is to execute a 32-bit IRET instruc- 
tion at privilege level 0, where the stack has a 1 inthe VM 
bit in the EFLAGS image. POPF does not affect the VM 
bit even if the processor is in Protected Mode or level 0, 
and so cannot be used to enter Virtual 8086 Mode. 
PUSHF always pushes a 0 in the VM bit, even if the 
processor is in Virtual 8086 Mode, so that a program 
cannot tell if it is executing in Real Mode or in Virtual 
8086 Mode. 


The VM bit can be set by executing an IRET instruction 
only at privilege level 0 or by any instruction or interrupt 
that causes a task switch in Protected Mode (with VM = 
1 inthe new FLAGS image), and can be cleared only by 
an interrupt or exception in Virtual 8086 Mode. IRET and 
POPF instructions executed in Real Mode or Virtual 
8086 Mode will not change the value in the VM bit. 


The transition out of Virtual 8086 Mode to AmM386DXL 
microprocessor Protected Mode occurs only on receipt 
of an interrupt or exception (such as due to a Sensitive 
instruction). In Virtual 8086 Mode, all interrupts and 
exceptions vector through the Protected Mode IDT, 
and enter an interrupt handler in AmM386DXL CPU Pro- 
tected Mode. That is, as part of interrupt processing, the 
VM bit is cleared. 


Because the matching IRET must occur from level 0, if 
an Interrupt or Trap gate is used to field an interrupt or 
exception out of Virtual 8086 Mode, the gate must per- 
form an interlevel interrupt only to level 0. Interrupt or 
Trap gates through conforming segments or through 
segments with DPL > 0, will raise a GP fault with the CS 
selector as the error code. 


Task Switches To/From Virtual 8086 Mode 


Tasks which can execute in Virtual 8086 Mode must be 
described by a TSS with the new Am3886DXL micropro- 
cessor format (Type 9 or 11 descriptor). 


A task switch out of Virtual 8086 Mode will operate ex- 
actly the same as any other task switch out of a task with 
an AmM386DXL CPU TSS. All of the programmer visible 
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state, including the FLAGS register with the VM bit set to 
1, is stored inthe TSS. The segment registers in the TSS 
will contain 8086 segment base values rather than se- 
lectors. 


A task switch into a task described by a AmM386DXL mi- 
croprocessor TSS will have an additional check to deter- 
mine if the incoming task should be resumed in Virtual 
8086 Mode. Tasks described by 80286 format TSSs 
cannot be resumed in Virtual 8086 Mode, so no check is 
required there (the FLAGS image in 80286 format TSS 
has only the low-order 16 FLAGS bits). Before loading 
the segment register images from a AM386DXL CPU 
TSS, the FLAGS image is loaded so that the segment 
registers are loaded from the TSS image as 8086 seg- 
ment base values. The task is now ready to resume in 
Virtual 8086 Execution Mode. 


Transitions Through Trap and Interrupt Gates, 
and IRET 


A task switch is one way to enter or exit Virtual 8086 
Mode. The other method is to exist through a Trap or In- 
terrupt gate, as part of handling an interrupt, and to enter 
as part of executing an IRET instruction. The transition 
out must use a AM386DXL microprocessor Trap gate 
(Type 14) or Interrupt gate (Type 15) that must point toa 
non-conforming level 0 segment (DPL = 0) in order to 
permit the trap handler to IRET back to the Virtual 8086 
program. The gate must point to a non-conforming level 
0 segment to perform a level switch to level 0 so that 
the matching IRET can change the VM bit. Am386DXL 
device gates must be used, since 80286 gates save only 
the lower 16 bits of the FLAGS register, so that the VM 
bit will not be saved on transitions through the 80286 
gates. Also, the 16-bit IRET (presumably) used to termi- 
nate the 80286 interrupt handler will pop only the lower 
16 bits from FLAGS, and will not affect the VM bit. The 
action taken for a AM386DXL microprocessor Trap or 
Interrupt gate if an interrupt occurs while the task is exe- 
cuting in Virtual 8086 Mode is given by the following se- 
quence. 


1. Save the FLAGS register in a temp to push later. 
Turn off the VM and TF bits, and if the interrupt is 
serviced by an Interrupt gate, turn off IF bit, also. 


2. Interrupt and Trap gates must perform a level switch 
from3 (where the VM86 program executes) to level 0 
(so IRET can return). This process involves a stack 
switch to the stack given in the TSS for privilege 
level 0. Save the Virtual 8086 Mode SS and ESP 
registers to push in a later step. The segment 
register load of SS will be done as a Protected Mode 
segment load since the VM bit was turned off above. 


3. Pushthe 8086 segment register values onto the new 
stack, in the order: GS, FS, DS, ES. These are 
pushed as 32-bit quantities with undefined values in 
the upper 16 bits. Then load these 4 registers with 
null selectors (0). 


4. Push the old 8086 stack pointer onto the new stack 
by pushing the SS register (as 32-bit, high bits 
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undefined), then pushing the 32-bit ESP register 
saved above. 


5. Push the 32-bit FLAGS register saved in step 1. 


6. Push the old 8086 instruction pointer onto the new 
stack by pushing the CS register (as 32-bits, high bits 
undefined), then pushing the 32-bit EIP register. 


7. Load up the new CS:EIP value from the interrupt 
gate and begin execution of the interrupt routine in 
Protected Am386DXL Microprocessor Mode. 


The transition out of Virtual 8086 Mode performs a level 
change and stack switch, in addition to changing back to 
Protected Mode. In addition, all of the 8086 segment 
register images are stored on the stack (behind the 
SS:ESP image), and then loaded with null (0) selectors 
before entering the interrupt handler. This will permit the 
handler to safely save and restore the DS, ES, FS, and 
GS registers as 80286 selectors. This is needed so that 
interrupt handlers that “don't care” about the mode of the 
interrupted program can use the same prolog and epilog 
code for state saving (i.e., push all registers in prolog, 
pop all in epilog) regardless of whether or not a native 
mode or Virtual 8086 Mode program was interrupted. 
Restoring null selectors to these registers before exe- 
Cuting the IRET will not cause a trap in the interrupt han- 
dler. Interrupt routines that expect values in the segment 
registers or return values in segment registers will have 
to obtain/return values from the 8086 register images 
pushed onto the new stack. They will need to know the 
mode of the interrupted program in order to know 
where to find/return segment registers, and also to 
know how to interpret segment register values. 


The IRET instruction will perform the inverse of the 
above sequence. Only the extended Am386DXL micro- 
processor IRET instruction (operand size = 32) can be 
used and must be executed at level 0 to change the VM 
bit to 1. 


1. Ifthe NT bit inthe FLAGS register is on, an inter-task 
return is performed. The current state is stored inthe 
current TSS, and the link field in the current TSS is 
used to locate the TSS for the interrupted task which 
is to be resumed. 


Otherwise, continue with the following sequence. 


2. Read the FLAGS image from SS:8[ESP] into the 
FLAGS register. This will set VM to the value active 
in the interrupted routine. 

3. Pop off the instruction pointer CS:EIP. EIP is popped 
first, then a 32-bit word is popped that contains the 
CS value in the lower 16 bits. If VM = 0, this CS 
load is done as a Protected Mode segment load. If 
VM = 1, this will be done as an 8086 segment load. 

4. Increment the ESP register by 4 to bypass the 
FLAGS image which was popped in step 1. 

5. If VM=1, load segment registers ES, DS, FS, 
and GS from memory locations SS:[ESP +8], 
SS{ESP +12], SS:ESP +16], and SSESP + 20], 
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respectively, where the new value of ESP stored in 
step 4 is used. Since VM = 1, these are done as 8086 
segment register loads. 


Else if VM = 0, check that the selectors in ES, DS, 
FS, and GS are valid in the interrupted routine. Null 
out invalid selectors to trap if an attempt is made to 
access through them. 


. If (RPL(CS) > CPL), pop the stack pointer SS:ESP 
from the stack. The ESP register is popped first, 


followed by 32-bits containing SS in the lower 16 bits. 
If VM =0, SS is loaded as a Protected Mode segment 
register load. If VM = 1, an 8086 segment register 
load is used. 


. Resume execution of the interrupted routine. The 


VM bit in the FLAGS register (restored from the 
interrupt routine’s stack image in step 1) determines 
whether the processor resumes the interrupted 
routine in Protected Mode of Virtual 8086 Mode. 
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Figure 40. Virtual 8086 Environment Interrupt and Call Handling 
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FUNCTIONAL DATA 
Introduction 


The Am886DXL microprocessor features a straight 
forward functional interface to the external hardware. 
The Am386DXL CPU has separate parallel buses for 
data and address. The data bus is 32 bits in width and 
bi-directional. The address bus outputs 32-bit address 
values in the most directly usable form for the high- 
speed local bus: 4 individual Byte Enable signals and 
the 30 upper-order bits as a binary value. The data and 
address buses are interpreted and controlled with their 
associated control signals. 


A dynamic data bus sizing feature allows the processor 
to handle a mix of 32- and 16-bit external buses on a 
cycle-by-cycle basis (see Data Bus Sizing). If 16-bit bus 
size is selected, the AmM386DXL microprocessor auto- 
matically makes any adjustment needed even perform- 
ing another 16-bit bus cycle to complete the transfer if 
that is necessary. Any 8-bit peripheral devices may be 
connected to 32- or 16-bit buses with no loss of perform- 
ance. A new address pipelining option is provided and 
applies to 32- and 16-bit buses for substantially im- 
proved memory utilization, especially for the most heav- 
ily used memory resources. 


The address pipelining option, when selected, typically 
allows a given memory interface to operate with one 
less wait state than would otherwise be required (see 
Address Pipelining). The pipelined bus is also well 
suited to interleaved memory designs. When address 
pipelining is requested by the external hardware, the 
Am386DXL microprocessor will output the address and 
bus cycle definition of the next bus cycle (if it is internally 
available) even while waiting for the current cycle to be 
acknowledged. 


Non-pipelined address timing, however, is ideal for ex- 
ternal cache designs, since the cache memory will typi- 
Cally be fast enough to allow non-pipelined cycles. For 
maximum design flexibility, the address pipelining op- 
tion is selectable on a cycle-by-cycle basis. 


The processor's bus cycle is the basic mechanism for 
information transfer, either from system to processor or 
from processor to system. Am386DXL microprocessor 
bus cycles perform data transfer in a minimum of only 
two clock periods. On a 32-bit data bus, the maximum 
Am386DXL device transfer at 20-MHz band-width is 
therefore 40 Mb/s, at 25-MHz bandwidth is 50 Mb/s, 
at 33-MHz bandwidth is 66 Mb/s, and at 40-MHz 
bandwidth is 80 Mb/s. Any bus cycle will be extended for 
more than two clock periods, however, if external hard- 
ware withholds acknowledgment of the cycle. At the ap- 
propriate time, acknowledgment is signaled by assert- 
ing the AmM386DXL microprocessor READY input. 


The Am386DXL CPU can relinquish control of its local 
buses to allow mastership by other devices, such as 
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direct memory access channels. When relinquished, 
HLDA is the only output pin driven by the Am386DXL mi- 
croprocessor providing near-complete isolation of the 
processor from its system. The near-complete isolation 
characteristic is ideal when driving the system from test 
equipment and in fault-tolerant applications. 


Functional data covered in this section describes the 
processor's hardware interface. First, the set of signals 
available at the processor pins is described (see Signal 
Description). Following that are the signal waveforms 
occurring during bus cycles (see Bus Transfer Mecha- 
nism, Bus Functional Description, and Other Functional 
Descriptions). 


Signal Description 


Introduction 


Ahead is a brief description of the Am386DXL CPU input 
and output signals arranged by functional groups. 


Example signal: 


M/IO—High voltage indicates Memory selected 
—Low voltage indicates I/O selected 


The signal descriptions sometimes refer to AC timing 
parameters, such as t25 RESET Setup Time and t26 
RESET Hold Time. 


Clock (CLK2) 


CLK2 provides the fundamental timing for the 
Am386DXL microprocessor. It is divided by two inter- 
nally to generate the internal processor clock used for 
instruction execution. The internal clock is comprised of 
two phases, phase one and phase two. Each CLK2 pe- 
riod is a phase of the internal clock. Figure 42 illustrates 
the relationship. If desired, the phase of the internal 
processor clock can be synchronized to a known phase 
by ensuring the RESET signal falling edge meets its ap- 
plicable setup and hold times, t25 and t26. 


Data Bus (D31-D0) 


These three-state, bi-directional signals provide the 
general purpose data path between the Am3886DXL mi- 
croprocessor and other devices. Data bus inputs and 
outputs indicate 1 when High. The data bus can transfer 
data on 32- and 16-bit buses using a data bus sizing fea- 
ture controlled by the BS16 input. See Section Bus Con- 
trol. Data bus reads require that read data setup and 
hold times, t21 and t22, be met for correct operation. In 
addition, the Am3886DXL microprocessor requires that 
all data bus pins be at a valid logic state (High or Low) at 
the end of each read cycle, when READY is asserted. 
During any write operation (and during halt cycles and 
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Figure 42. CLK2 Signal and Internal Processor Clock 
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shut down cycles), the Am386DXL microprocessor al- 
ways drives all 32 signals of the data bus even if the 
current bus size is 16 bits. 


Address Bus (BE3—BE0, A31-—A2) 


These three-state outputs provide physical memory 
addresses or 1/O port addresses. The address bus is 
capable of addressing 4 Gb of physical memory space 
(OOOO0000H—-FFFFFFFFH), and 64 Kb of I/O address 
space (O0000000H—O000FFFFH) for programmed I/O. 
I/O transfers automatically generated for AmM3886DXL 
microprocessor-to-coprocessor communication use I/O 
addresses 800000F8H-800000FFH, so A31 is High in 
conjunction with M/IO Low allows simple generation of 
the coprocessor select signal. 


The Byte Enable outputs, BE3—-BE0, directly indicate 
which bytes of the 32-bit data bus are involved with the 
current transfer. This is most convenient for external 
hardware. 


BEO applies to D7—-DO 
BE1 applies to D15—D8 
BE2 applies to D23-D16 
BE3 applies to D31-D24 
The number of Byte Enables asserted indicates the 


physical size of the operand being transferred (1, 2, 3, or 
4 bytes). Refer to Section Operand Alignment. 


When a memory write cycle or I/O write cycle is in pro- 
gress and the operand being transferred occupies only 
the upper 16 bits of the data bus (D31—D16), duplicate 
data is simultaneously presented on the corresponding 
lower 16 bits of the data bus (D15—D0). This duplication 





AMD i. 


is performed for optimum write performance on 16 bit 
buses. The pattern of write data duplication is a function 
of the Byte Enables asserted during the write cycle. Ta- 
ble 13 lists the write data present on D31—D0O, as a func- 
tion of the asserted Byte Enable outputs BE3—BE0. 


Bus Cycle Definition Signals (W/R, D/C, M/IO, 
LOCK) 


These three-state outputs define the type of bus cycle 
being performed. W/R distinguishes between write and 
read cycles. D/C distinguishes between data and con- 
trol cycles. M/IO distinguishes between memory and I/O 
cycles. LOCK distinguishes between locked and un- 
locked bus cycles. 


The primary bus cycle definition signals are W/R, D/C, 
and M/IO, since these are the signals driven valid as the 
ADS (Address Status output) is driven asserted. The 
LOCK is driven valid at the same time as the first locked 
bus cycle begins, which due to address pipelining, could 
be later than ADS is driven asserted. See Pipelined Ad- 
dress. The LOCK is negated when the READY input 
terminates the last bus cycle that was locked. 


Exact bus cycle definitions, as a function of W/R, D/C, 
and M/lO, are given in Table14. Note one combination 
of W/R, D/C, and M/IO is never given when ADS is as- 
serted (however, that combination, which is listed as 
does not occur, may occur during idle bus states when 
ADS is not asserted). If M/IO, D/C, and W/Rare qualified 
by ADS asserted, then a decoding scheme may be sim- 
plified by using this definition of the does not occur 
combination. 








Table 13. Write Data Duplication as a Function of BE3—BE0 


Am386DXL CPU Write Data 


Am386DXL CPU Byte Enables 


BE3 BE2 BE1 BEO D31-D24 
High High High Low 
High High Low High 
High Low High High 
Low High High High 
High High Low Low 
High Low Low High 
Low Low High High 
High Low Low Low 
Low Low Low High 
Low Low Low Low 


Key: D=Logical Write Data D31—D24 
C =Logical Write Data D23-D16 
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B = Logical Write Data Di5—D8 
Az=Logical Write Data D7—DO 


Automatic 
D23-D16 D15-D8_ __D7-Do_| Duplication? 
Undef No 
B No 
Undef Yes 
D Yes 
B No 
B No 
D Yes 
B No 
B No 
No 
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Table 14. Bus Cycle Definition 


WiS_[ DE | Wi] Bus Gycte Type 


Locked? 


Low <a s "Interrupt Acknowledge Yes 
a Ce Re 


Low agn[ tow] 
Low ae 
High [Low | Low | 


High | Low | High | Halt: 


Address =2 


BEO High 


BE1 High 
BE2 Low 
BE3 High 
A31~-A2 Low 


_ Memory Data Read | 


Memory Data Write 





V/O Data Read No | 


High I/O Data Write No 
Memory Code Read No 


Shutdown: No 
Address = 0 


BEO Low 
BET High 
BE2 High 
BES High 
A31-—A2 Low 


Some Cycles 


Some Cycles 











High “High Low 
High High | High 
Bus Control Signals (ADS, READY, NA, BS16) 


Introduction 


The following signals allow the processor to indicate 
when bus cycle has begun and allow other system hard- 
ware to control address pipelining, data bus width, and 
bus cycle termination. 


Address Status (ADS) 


This three-state output indicates that_a valid bus cycle 
definition and address (W/R, D/C, M/IO, BE3—BEO, and 
A31—A2) is being driven at the AmM386DXL microproces- 
sor pins. It is asserted during T1 and T2P bus states 
(see Non-pipelined Address and Pipelined Address for 
additional information on bus states). 


Transfer Acknowledge (READY ) 


This input indicates the current bus cycle is complete, 
and the active bytes indicated by BE3-BE0 and BS16 
are accepted or provided. When READY is sampled as- 
serted during a read cycle or interrupt acknowledge cy- 
cle, the Am386DXL microprocessor latches the input 
data and terminates the cycle. When READY is sampled 
asserted during a write cycle, the processor terminates 
the bus cycle. 


READY is ignored on the first bus state of all bus cycles, 
and sampled each bus state thereafter until asserted. 
READY must eventually be asserted to acknowledge 
every bus cycle, including Halt Indication and Shutdown 
Indication bus cycles. When being sampled, READY 
must always meet setup and hold times, t19 and t20, for 
correct operation. See all sections of Bus Functional 
Description. 

Next Address Request (NA) 


This is used to request address pipelining. This input 
indicates the system is prepared to accept new values 
of BE3-BE0, A31-A2, W/R, D/C, and M/IO from 
the Am386DXL microprocessor even if the end of the 











current cycle is not being acknowledged on READY. If 
this input is asserted when sampled, the next address is 
driven onto the bus provided the next bus request is al- 
ready pending internally. See Address Pipelining and 
Read and Write Cycles. NA must always meet setup 
and hoid times, t15 and t16, for correct operation. 


Bus Size 16 (BS16) 


The BS16 feature allows the AM386DXL microproces- 
sor to directly connect to 32- and 16-bit data buses. As- 
serting this input constrains the current bus cycle to use 
only the lower-order half (D15—D0) of the data bus, cor- 
responding to BEO and BE. Asserting BS16 has no ad- 
ditional effect if only BEO and/or BE1 are asserted in the 
current cycle. However, during bus cycles asserting 
BE2 or BE3, asserting BS16 will automatically cause the 
Am386DXL microprocessor to make adjustments for 
correct transfer of the upper byte(s) using only physical 
data signals D15—D0. 


If the operand spans both halves of the data bus and 
BS16 is asserted, the AM386DXL microprocessor will 
automatically perform another 16-bit bus cycle. BS16 
must always meet setup and hold times, t17 and t18, for 
correct operation. 


Am386DXL CPU I/O cycles are automatically gener- 
ated for coprocessor communication. Since the 
Am386DXL microprocessor must transfer 32-bit quanti- 
ties between itself and a 387DX math coprocessor, 
BS16 must not be asserted during 387DX math 
coprocessor communication cycles. 


Bus Arbitration Signals (HOLD, HLDA) 
Introduction 


This section describes the mechanism by which the 
processor relinquishes control of its local buses when 
requested by another bus master device. See 
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Entering and Exiting Hold Acknowledge for additional 
information. 


Bus Hold Request (HOLD) 


This input indicates some device other than the 
Am386DXL microprocessor requires bus mastership. 


HOLD must remain asserted as long as any other de- 
vice is a local bus master. HOLD is not recognized while 
RESET is asserted. If RESET is asserted while HOLD is 
asserted, RESET has priority and places the bus into an 
idle state, rather than the hold acknowledge (high 
impedance) state. HOLD is level-sensitive and is a syn- 
chronous input. HOLD signals must always meet setup 
and hold times, t23 and t24, for correct operation. 


Bus Hold Acknowledge (HLDA) 


Assertion of this output indicates the Am386DXL micro- 
processor has relinquished contro! of its local bus in 
response to HOLD asserted, and is in the Bus Hold 
Acknowledge state. 


The Hold Acknowledge state offers near-complete sig- 
nal isolation. In the Hold Acknowledge state, HLDA is 
the only signal being driven by the Am386DXL micro- 
processor. The other output signals or bi-directional sig- 
nals (D31—D0, BE3-BE0, A31-A2, W/R, D/C, M/IO, 
LOCK, and ADS) are in a high-impedance state so the 
requesting bus master may conirol them. Pullup resis- 
tors may be desired on several signals to avoid spurious 
activity when no bus master is driving them. See Resis- 
tor Recommendations. Also, one rising edge occurring 
on the NMI input during Hold Acknowledge is remem- 
bered for processing after the HOLD input is negated. 


In addition to the normal usage of Hold Acknowledge 
with DMA controllers or master peripherals, the near- 
complete isolation has particular attractiveness during 
system test when test equipment drives the system and 
in hardware-fault-tolerant applications. 


Coprocessor Interface Signals (PEREQ, BUSY, 
ERROR) 


Introduction 


Inthe following sections are descriptions of signals dedi- 
cated to the numeric coprocessor interface. In addition 
to the data bus, address bus, and bus cycle definition 
signals, these following signals control communication 
between the Am386DXL microprocessor and its 387DX 
math coprocessor extension. 


Coprocessor Request (PEREQ) 


When asserted, this input signal indicates a coproces- 
sor request for a data operand to be transferred to/from 
memory by the Am3886DXL microprocessor. In re- 
sponse, the Am386DXL CPU transfers information be- 
tween the coprocessor and memory. Because 
Am386DXL microprocessor has internally stored the 
coprocessor op-code being executed, it performs the re- 
quested data transfer with the correct direction and 
memory address. 
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PEREQ is level-sensitive and is allowed to be asynchro- 
nous to the CLK2 signal. 


Coprocessor Busy (BUSY) 


When asserted, this input indicates the coprocessor is 
still executing an instruction and is not yet able to accept 
another. When the Am386DXL microprocessor encoun- 
ters any coprocessor instruction that operates on the 
numeric stack (e.g., load, pop, or arithmetic operation) 
or the WAIT instruction, this input is first automatically 
sampled until it is seen to be negated. This sampling of 
the BUSY input prevents overrunning the execution of a 
previous coprocessor instruction. 


The FNINIT and FNCLEX coprocessor instructions are 
allowed to execute even if BUSY is asserted, since 
these instructions are used for coprocessor initialization 
and exception-clearing. 


BUSY is level-sensitive and is allowed to be asynchro- 
nous to the CLK2 signal. 


BUSY serves an additional function. If BUSY is sampled 
Low at the falling edge of RESET, the Am3886DXL 
microprocessor performs an internal self-test (see Bus 
Activity During and Following Reset). If BUSY is sam- 
pled High, no self-test is performed. 


Coprocessor Error (ERROR) 


This input signal indicates that the previous coprocessor 
instruction generated a coprocessor error of a type 
not masked by the coprocessor’s control register. This 
input is automatically sampled by the Am386DXL micro- 
processor when a coprocessor instruction is encoun- 
tered, and if asserted, the Am386DXL device generates 
Exception 16 to access the error-handling software. 


Several coprocessor instructions, generally those that 
Clear the numeric error flags in the coprocessor or 
save coprocessor state, do execute without the 
Am386DXL microprocessor generating Exception 16 
even if ERROR is asserted. These instructions are 
FNINIT, FNCLEX, FSTSW, FSTSWAX, FSTCW, 
FSTENV, FSAVE, FESTENV, and FESAVE. 


ERROR is level-sensitive and is allowed to be asynchro- 
nous to the CLK2 signal. 


Interrupt Signals (INTR, NMI, RESET) 
introduction 


The following descriptions cover inputs that can inter- 
rupt or suspend execution of the processor’s current 
instruction stream. 


Maskable Interrupt Request (INTR) 


When asserted, this input indicates a request for inter- 
rupt service, which can be masked by the AmM386DXL 
CPU Flag Register IF bit. When the Am386DXL micro- 
processor responds to the INTR input, it performs two 
interrupt acknowledge bus cycles, and at the end of the 
second, latches an 8-bit interrupt vector on D17-D0 to 
identify the source of the interrupt. 
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INTR is level-sensitive and is allowed to be asynchro- 
nous to the CLK2 signal. To assure recognition of an 
INTR request, INTR should remain asserted until the 
first interrupt acknowledge bus cycle begins. 


Non-Maskable interrupt Request (NMI) 


This input indicates a request for interrupt service, which 
cannot be masked by software. The non-maskable in- 
terrupt request is always processed according to the 
pointer or gate in slot 2 of the interrupt table. Because of 
the fixed NMI slot assignment, no interrupt acknowledge 
cycles are performed when processing NMI. 


NMI is rising edge-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. To assure recognition of 
NMI, it must be negated for at least eight CLK2 periods, 
and then be asserted for at least eight CLK2 periods. 


Once NMI processing has begun, no additional NMI’s 
are processed until after the next IRET instruction, 
which is typically the end of the NMI service routine. If 
NMI is re-asserted prior to that time, however, one rising 
edge on NMI will be remembered for processing after 
executing the next IRET instruction. 

Reset (RESET) 

This input signal suspends any operation in progress 
and places the Am386DXL microprocessor in a 
known reset state. The Am386DXL device is reset by 
asserting RESET for 15 or more CLK2 periods (80 or 
more CLK2 periods before requesting self-test). When 


RESET is asserted, all other input pins, except FLT, are 
ignored, and all other bus pins are driven to an idle bus 
state as shown in Table 15. If RESET and HOLD are 
both asserted at a point in time, RESET takes priority 
even if the Am386DXL device was in a Hold Acknowl- 
edge state prior to RESET asserted. 


RESET is level-sensitive and must be synchronous to 
the CLK2 signal. If desired, the phase of the internal 
processor clock and the entire AmM386DXL micropro- 
cessor state can be completely synchronized to external 
circuitry by ensuring the RESET signal falling edge 
meets its applicable setup and hold times, t25 and t26. 


Table 15. Pin State (Idle Bus) During Reset 


| PinName Signal Level During Reset 
ADS 




























High 
D31-—Do High Impedance 
BE3—BE0O Low 
A31-A2 High 
wR Low 
D/C High 
M/IO Low 
LOCK High 


HLDA Low 


Tabie 16. Am386DXL Microprocessor Signal Summary 





Signal Active 
Name Function State 
CLK2 Clock 
D31-—DO Data Bus 
BE3—BE0 Byte Enables 
A31-—A2 Address Bus 
W/R Write-Read Indication 
D/C Data-Control Indication 
M/IO | Memory-I/O Indication 
LOCK Bus Lock Indication 
ADS Address Status 
NA Next Address Request 
BS16 Bus Size 16 
READY Transfer Acknowledge 
HOLD Bus Hold Request 
HLDA Bus Hold Acknowledge 
PEREQ Coprocessor Request 
BUSY Coprocessor Busy 
ERROR Coprocessor Error 
INTR Maskable Interrupt Request 
NMI Non-Maskable Intrpt Request 
RESET Reset 
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Bus Transfer Mechanism 
Introduction 


All data transfers occur as a result of one or more bus 
cycles. Logical data operands of byte, word, and dou- 
ble-word lengths may be transferred without restrictions 
on physical address alignment. Any byte boundary may 
be used, although two or even three physical bus 
cycles are performed as required for unaligned operand 
transfers. See Dynamic Data Bus Sizing and Operand 
Alignment. 


The Am386DXL microprocessor address signals are 
designed to simplify external system hardware. Higher- 
order address bits are provided by A31—A2. Lower- 
order address in the form of BE3—BEO directly provides 
linear selects for the four bytes of the 32-bit data bus. 
Physical operand size information is thereby implicitly 
provided each bus cycle in the most usable form. 


Byte Enable outputs, BE3—BEO, are asserted when their 
associated data bus bytes are involved with the present 
bus cycle, as listed in Table 17. During a bus cycle, any 
possible pattern of contiguous asserted Byte Enable 
outputs can occur, but never patterns having a negated 
Byte Enable separating two or three asserted Enables. 


Address bits AO and A1 of the physical operand’s base 
address can be created when necessary (for instance, 
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for MULTIBUS | or MULTIBUS II interface), as a func- 
tion of the lowest-order asserted Byte Enable. This is 
shown by Table 18. Logic to generate AO and A11 is given 
by Figure 43. 


Table 17. Byte Enables and Associated 
Data and Operand Bytes 


iByte Enable Signal|Associated Data Bus Signals 


D7-D0 (Byte 0—least significant) 
D15—D8 (Byte 1) 

D23-D16 (Byte 2) | 
D31—D24 (Byte 3—most significant) 











Each bus cycle is composed of at least two bus states. 
Each bus state requires one processor clock period. Ad- 
ditional bus states added to a single bus cycle are called 
wait states. See Bus Functional Description. 


Since a bus cycle requires a minimum of two bus 
states (equal to two processor clock periods), data can 
be transferred between external devices and the 
Am386DXL CPU at a maximum rate of one 4-byte 
Dword every two processor clock periods, for a maxi- 
mum bus bandwidth of 80 Mb/s (Am386DXL micropro- 
cessor operating at 40-MHz processor clock rate). 





K — Map for AO Signal 
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Figure 43. Logic to Generate AO, A1 from BE3—BE0O 
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Table 18. Generating A31—A0 from BE3—BE0 and A31—A2 
Am386DXL CPU Address Signals 


Physical Base 
Address 








FFFFFFFFH 
: Accessible 
Physical 800000FFH 
Memory | g00000F 6H Math Goprocaaes 
4 Gb (See note) 
* Accessible 
OOOOFFFFH 
Accessible 
Programmed 
/O Space 
00000000H 00000000H 
Physical Memory Space /O Space 


Note: Since A31 is High during automatic communication with coprocessor, A31 High and M/IO Low can be used to 
easily generate a coprocessor select signal. 
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Figure 44. Physical Memory and I/O Spaces 
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Memory and I/O Spaces 


Bus cycles may access physical memory space or I/O 
space. Peripheral devices in the system may either be 
memory-mapped, or I/O-mapped, or both. As shown in 
Figure 44, physical memory addresses range from 
00000000H to FFFFFFFFH (4 Gb) and I/O addresses 
from QOOQ0000H to OOOOFFFFH (64 Kb) for pro- 
grammed 1/O. Note the I/O addresses used by the auto- 
matic I/O cycles for coprocessor communication are 
800000F8H to 800000FFH, beyond the address range 
of programmed 1/O, to allow easy generation of a 
coprocessor chip select signal using the A31 and M/IO 
signals. 


Memory and I/O Organization 


The Am386DXL microprocessor datapath to memory 
and I/O spaces can be 32- or 16-bits wide. When 32-bits 
wide, memory and I/O spaces are organized naturally 
as arrays of physical 32-bit Dwords. Each memory or I/O 
Dword has four individually addressable bytes at con- 
secutive byte addresses. The lowest-addressed byte is 
associated with data signals D17—D0; the highest- 
addressed byte with D31—D24. 


The Am386DXL microprocessor includes a bus control 
input, BS16, that also allows direct connection to 16-bit 
memory or I/O spaces organized as a sequence of 
16-bit word. Cycles to 32- and 16-bit memory or I/O de- 
vices may occur in any sequence, since the BS16 con- 
trol is sampled during each bus cycle. (See Dynamic 
Data Bus Sizing.) The Byte Enable signals, BE3—BE0, 
allow byte granularity when addressing any memory or 
I/O structure, whether 32- or 16-bits wide. 





Dynamic Data Bus Sizing 


Dynamic Data Bus Sizing is a feature allowing direct 
processor connection to 32- or 16-bit data buses for 
memory or I/O. A single processor may connect to both 
size buses. Transfers to or from 32- or 16-bit ports are 
supported by dynamically determining the bus width 
during each bus cycle. During each bus cycle an ad- 
dress decoding circuit or the slave device itself may as- 
sert BS16 for 16-bit ports, or negate BS16 for 32-bit 
ports. 


With BS16 asserted, the processor automatically con- 
verts operand transfers larger than 16 bits, or mis- 
aligned 16-bit transfers, into two or three transfers as re- 
quired. All operand transfers physically occur on 
D15-D0 when BS16 is asserted. Therefore, 16-bit 
memories or I/O devices only connect on data signals 
D15—D0. No extra transceivers are required. 

Asserting BS16 only affects the processor when BE2 
and/or BE3 are asserted during the current cycle. If only 
D15-D0 are involved with the transfer, asserting BS16 
has no affect since the transfer can proceed normally 
over a 16-bit bus whether BS16 is asserted or not. In 
other words, asserting BS16 has no effect when only the 
lower haif of the bus is involved with the current cycle. 
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There are two types of situations where the processor is 
affected by asserting BS16, depending on which Byte 
Enables are asserted during the current bus cycle. 


Upper Half Only: 
Only BE2 and/or BES asserted. 


Upper and Lower Half: 


Atleast BE1, BE2 asserted (and perhaps also BEO 
and/or BE3). 


Effect of asserting BS16 during Upper Half Only read 
cycles: 


Asserting BS16 during Upper Half Only reads causes 
the Am386DXL microprocessor to read data on the 
lower 16 bits of the data bus and ignore data on the up- 
per 16 bits of the data bus. Data that would have been 
read from D31—D16 (as indicated by BE2 and BE3) will 
instead be read from D15-D0, respectively. 


Effect of asserting BS16 during Upper Half Only write 
cycles: 

Asserting BS16 during Upper Half Only writes does not 
affect the Am386DXL microprocessor. When only BE2 
and/or BE3 are asserted during a Write cycle, the 
Am386DXL microprocessor always duplicates data sig- 
nals D31—D16 onto D15—D0 (see Table 13). Therefore, 
no further AM3886DXL CPU action is required to perform 
these writes on 32- or 16-bit buses. 


Effect of asserting BS16 during Upper and Lower Half 
read cycles: 


Asserting BS16 during Upper and Lower Half reads 
causes the processor to perform two 16-bit read cycles 
for complete physical operand transfer. Bytes 0 and 1 
(as indicated by BEO and BE1) are read on the first cycle 
using D15—D0. Bytes 2 and 3 (as indicated by BE2 and 
BE3) are read during the second cycle, again using 
D15—D0. D31—D16 are ignored during both 16-bit cy- 
cles. BEO and BE1 are always negated during the sec- 


ond 16-bit cycle. See Figure 54 Cycles 2 and 2a. 


Effect of asserting BS16 during Upper and Lower Half 
write cycles: 


Asserting BS16 during Upper and Lower Half writes 
causes the Am386DXL microprocessor to perform two 
16-bit write cycles for complete physical operand trans- 
fer. All bytes are available the first write cycle allowing 
external hardware to receive Bytes 0 and 1 (as indicated 
by BEO and BE1) using D15—DO. On the second cycle 
the Am386DXL microprocessor duplicates Bytes 2 and 
3 on D15—D0 and Bytes 2 and 3 (as indicated by BE2 
and BES) are written using D15—D0. BEO and BET are 
always negated during the second 16-bit cycle. BS16 
must be asserted during the second 16-bit cycle. See 
Figure 54 Cycles 1 and 1a. 
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interfacing with 32- and 16-Bit Memories 


In 32-bit-wide physical memories such as Figure 45, 
each physical Dword begins at a byte address that is a 
multiple of 4. A31—-A2 are directly used as a Dword 
selects and BE3-BE0 as byte selects. BS16 is negated 
for all bus cycles involving the 32-bit array. 


When 16-bit-wide physical arrays are included in the 
system, as in Figure 46, each 16-bit physical word be- 
gins at an address that is a multiple of 2. Note the ad- 
dress is decoded to assert BS16 only during bus cycles 
involving the 16-bit array. If desiring to use pipelined 
address with 16-bit memories, then BE3-BE0 and W/R 
are also decoded to determine when BS16 should be 





32 Data Bus (D31—D0o) 





asserted. (See Pipelined Address with Dynamic Data 
Bus Sizing.) 

A31-A2 are directly usable for addressing 32- and 
16-bit devices. To address 16-bit devices, A1 and two 
Byte Enable signals are also needed. 

To generate an A1 signal and two Byte Enable signals 
for 16-bit access, BE3—BE0 should be decoded as in Ta- 
ble 19. Note certain combinations of BE3—BEO are never 
generated by the Am386DXL microprocessor, leading 
to don’t care conditions in the decoder. Any BE3—BEO 
decoder, such as shown in Figure 47, may use the non- 
occurring BE3—BE0 combinations to its best advantage. 


Am386DXL BES BEX 32-Bit 
Microprocessor Address Bus (BE3—BE0, A31—A2) : Memory 








Figure 45. Am386DXL Microprocessor with 32-Bit Memory 160218-048 
Data Bus (D31—D0) 
32 
Am386DXL 32-Bit 
Microprocessor Address Bus Memory 

(BE3-BEO, A31—A2) 

Add 
Address Bus (A31—A2) 16-Bit 
: : Memory 
(BE3-BE0) (BHE, BLE, A1) 
[se | 
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Figure 46. AmM386DXL Microprocessor with 32-Bit and 16-Bit Memory 
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Table 19. Generating A1, BHE and BLE for ional 16-Bit Devices 


Am386DXL CPU sat Uae 
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BLE asserted when D7-D0 of 16-bit bus is active. 
BHE asserted when D15—D8 of 16-bit bus is active. 
A1 Low for all even words; A1 High for all odd words. 
Key: X = Don't care 

H = High voltage level 

L = Low voltage level 





16-Bit Bus sith 


Comments 


X—no active bytes 


X—not contiguous bytes 


X—not contiguous bytes 
X—not contiguous bytes 
X—not contiguous bytes 


X—not contiguous bytes 
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* =A non-occurring pattern of Byte Enables; either none are asserted or the pattern has Byte Enables asserted for non-contiguous bytes. 


Operand Alignment 


With the flexibility of memory addressing on the 
Am386DXL microprocessor, it is possible to transfer a 
logical operand that spans more than one physical 
Dword or Word of memory or I/O. Examples are 32-bit 
Dword operands beginning at addresses not evenly di- 
visible by 4- or a 16-bit Word operand split between two 
physical Dwords of memory array. 


Operand alignment and data bus size dictates when 
multiple bus cycles are required. Table 20 describes the 
transfer cycles generated for all combinations of logical 
operand lengths, alignment, and data bus sizing. When 
multiple bus cycles are required to transfer a multi-byte 
logical operand, the highest-order bytes are transferred 
first (but if BS16 asserted requires two 16-bit cycles be 
performed, that part of the transfer is lowest-order first). 


Bus Functional Description 
introduction 


The Am386DXL microprocessor has separate, parallel 
buses for data and address. The data bus is 32 bits in 
width and bi-directional. The address bus provides a 
32-bit value using 30 signals for the 30 upper-order ad- 
dress bits and 4 Byte Enable signals to directly indicate 
the active bytes. These buses are interpreted and 
controlled via several associated definition or control 
signals. 


The definition of each bus cycle is given by three defini- 
tion signals: M/IO, W/R, and D/C. At the same time, a 
valid address is present on the Byte Enable signals 
BE3-BE0 and other address signals, A31—A2. A status 
signal, ADS, indicates when the Am386DXL CPU is- 
sues a new bus cycle definition and address. 
Collectively, the address bus, data bus, and all associ- 
ated control signals are referred to simply as the bus. 


When active, the bus performs one of the bus cycles 
below. 
1. Read from memory space. 
. Locked read from memory space. 
. Write to memory space. 
. Locked write to memory space. 
. Read from I/O space (or coprocessor). 
. Write to I/O space (or coprocessor). 
. Interrupt acknowledge. 
. Indicate halt or indicate shutdown. 
Table 14 shows the encoding of the bus cycle definition 


signals for each bus cycle. See Section Bus Cycle 
Definition. 


The data bus has a dynamic sizing feature supporting 
32- and 16-bit bus size. Data bus size is indicated to the 
Am386DXL microprocessor using its Bus Size 16 
(BS16) input. All bus functions can be performed with 
either data bus size. 
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K — Map for 16-bit BLE signal (same as AO signal in Figure 43). 
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Figure 47. Logic to Generate A1, BHE and BLE for 16-Bit Buses 


Table 20. Transfer Bus Cycles for Bytes, Words, and Dwords 


ae Byte-Length of Logical Operand 
| Physical Byte Addres 
| in Memory (low-order bits) 


Transfer Cycles over 
32-Bit Data Bus 


| Transfer Cycles over 
| 16-Bit Data Bus 





Key: b= Byte transfer 3 =3-byte transfer 
w= Word transfer d= Dword transfer 
|= low-order portion h =high-order portion 
m= mid-order portion x= Don't care 


= BS16 asserted causes second bus cycle. 
“For this case, 8086, 8088, 80186, 80188, 80286 transfer Ib first, then hb. 
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Cycle 1 Cycle 2 Cycle 3 
Non-Pipelined Non-Pipelined Non-Pipelined 
(Read) (Read) (Read) 
1 T2 Tt | 71 T2 
61 | 02 o1 | 02 o1 | 02 o1 | 02 o1 | 02 ap tae o1 
cLK2 [ | 
(Input) 
BE3-BEO, A31—A2, 
woos wa CL p< __vaidt XX valig® Kass 
ADS [ 
(Output) 
NA 
ve | pe ee ee 
READY [ 
(Input) 
CocK[ |) vaidt =~  vaid2  X  valds ‘if 
(Output) 
pat-po [Ih >-———P———€ tnt) n> 


(Input during Read) 


Fastest non-pipelined bus cycles consist of T1 and T2 
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Figure 48. Fastest Read Cycles with Non-Pipelined Address Timing 


When the Am386DXL CPU bus is not performing one of 
the activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by external 
circuitry. The Idle state can be identified by the 
Am386DXL microprocessor giving no further assertions 
on its address strobe output (ADS) since the beginning 
of its most recent bus cycle, and the most recent bus cy- 
cle has beenterminated. The Hold Acknowledge state is 
identified by the Am386DXL CPU asserting its Hold Ac- 
knowledge (HLDA) output. 


The shortest time unit of bus activity is abus state. A bus 
State is one processor clock period (two CLK2 periods) 
in duration. A complete data transfer occurs during a 
bus cycle, composed of two or more bus states. 


The fastest Am386DXL microprocessor bus cycle re- 
quires only two bus states. For example, three consecu- 
tive bus read cycles, each consisting of two bus states, 
are shown by Figure 48. The bus states in each cycle 
are named T1 and T2. Any memory or I/O address may 
be accessed by such a two-state bus cycle, if the exter- 
nal hardware is fast enough. The high-bandwidth, two- 
clock bus cycle realizes the full potential of fast main 
memory, or cache memory. 


Every bus cycle continues until it is acknowledged 
by the external system hardware, using the Am386DXL 
microprocessor READY input. Acknowledging the bus 


cycle at the end of the first T2 results in the shortest bus 
cycle, requiring only T1 and T2. If READY is not immedi- 
ately asserted, however, T2 states are repeated indefi- 
nitely until the READY input is sampled asserted. 





Address Pipelining 


The address pipelining option provides a choice of bus 
cycle timings. Pipelined or non-pipelined address timing 
is selectable on a cycle-by-cycle basis with the Next Ad- 
dress (NA) input. 


When address pipelining is not selected, the current ad- 
dress and bus cycle definition remain stable throughout 
the bus cycle. 


When_ address pipelining is selected, the address 
(BE3—BE0, A31-A2) and definition (W/R, D/C, and 
M/IO) of the next cycle are available before the end of 
the current cycle. To signal their availability, the 
Am386DXL microprocessor address status output 
(ADS) is also asserted. Figure 49 illustrates the fastest 
read cycles with pipelined address timing. 


Note from Figure 49, the fastest bus cycles using 
pipelined address require only two bus states, named 
T1P and T2P. Therefore, cycles with pipelined address 
timing allow the same data bandwidth as non-pipelined 
cycles, but address-to-data access time is increased 
compared to that of a non-pipelined cycle. 





Am386DXL Microprocessor 


1-273 


a\ AMD 


Cycle 1 
Pipelined 
(Read) 


TIP, sCT2P 


CLK2 
(Input) 


BE3—BEO, A31—A2, 
MAO, D/C, W/R 


(Outputs) 


ADS 
(Output) 
NA 
(Input) 


READY 
(Input) 
LOCK 

(Output) 


D31—DO 
(Input during Read) 


Cycle 2 Cycle 3 
Pipelined Pipelined 
(Read) (Read) 


TIP TeP | TAP T2P 





Fastest pipelined bus cycles consist of T1P and T2P 
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Figure 49. Fastest Read Cycles with Pipelined Address Timing 


By increasing the address-to-data access time, 
pipelined address timing reduces wait state require- 
ments. For example, if one wait state is required with 
non-pipelined address timing, no wait states would be 
required with pipelined address. 


Pipelined address timing is useful in typical systems 
having address latches. In those systems, once an ad- 
dress has been latched, pipelined availability of the next 
address allows decoding circuitry to generate chip se- 
lects (and other necessary select signals) in advance, 
so selected devices are accessed immediately when 
the next cycle begins. In other words, the decode time 
for the next cycle can be overlapped with the end of the 
current cycle. 


If asystem contains a memory structure of two or more 
interleaved memory banks, pipelined address timing 
potentially allows even more overlap of activity. This is 
true when the interleaved memory controller is designed 
to allow the next memory operation to begin in one 
memory bank while the current bus cycle is still activat- 
ing another memory bank. Figure 50 shows the general 
structure of the Am386DXL microprocessor with two- 
bank and four-bank interleaved memory. Note each 
memory bank of the interleaved memory has full data 
bus width (32-bit data width typically, unless 16-bit bus 
size is selected). 
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Further details of pipelined address timing are given in 
Pipelined Address; Initiating and Maintaining Pipelined 
Address; Pipelined Address with Dynamic Bus Sizing; 
and, Maximum Pipelined Address Usage With 16-bit 
Bus Size. 


Read and Write Cycles 
introduction 


Data transfers occur as a result of bus cycles, classified 
as Read or Write cycles. During Read cycles, data is 
transferred from an external device to the processor. 
During Write cycles, data is transferred in the other di- 
rection, from the processor to an external device. 


Two choices of address timing are dynamically select- 
able: non-pipelined or pipelined. After a bus idle state, 
the processor always uses non-pipelined address tim- 
ing. However, the NA (Next Address) input may be as- 
serted to select pipelined address timing forthe next bus 
cycle. When pipelining is selected and the Am386DXL 
microprocessor has a bus request pending internally, 
the address and definition of the next cycle is made 
available even before the current bus cycle is acknowl- 
edged by READY. Generally, the NA input is sampled 
each bus cycle to select the desired address timing for 
the next bus cycle. 
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Four-Bank Interleaved Memory: 
a. Address signals A3 and A2 selects bank 
b. 32-bit datapath to each bank 


32 Data Bus 





Am386DXL 
CPU 


interleave 
Controller 


ED 


Address Bus 


interleave etl 





DRAM 
baa 0 


--3 
--3 1 


15021B-—053 


Figure 50. Two-Bank and Four-Bank Interleaved Memory Structure 


Two choices of physical data bus width are dynamically 
selectable: 32 bits or 16 bits. Generally, the BS16 (Bus 
Size 16) input is sampled near the end of the bus cycle to 
confirm the physical data bus size applicable to the 
current cycle. Negation of BS16 indicates a 32-bit size 
and assertion indicates a 16-bit bus size. 


If 16-bit bus size is indicated, the Am386DXL CPU auto- 
matically responds as required to complete the transfer 
on a 16-bit data bus. Depending on the size and align- 
ment of the operand, another 16-bit bus cycle may be re- 
quired. Table 19 provides all details. When necessary, 
the Am386DXL microprocessor performs an additional 
16-bit bus cycle, using D15—D0 in place of D31—-D16. 


Terminating a Read cycle or Write cycle, like any bus cy- 
Cle, requires acknowledging the cycle by asserting the 
READY input. Until acknowledged, the processor in- 
serts wait states into the bus cycle to allow adjustment 
forthe speed of any external device. External hardware, 
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that has decoded the address and bus cycle type as- 
serts the READY input at the appropriate time. 


At the end of the second bus state within the bus cycle, 
READY is sampled. At that time, if external hardware ac- 
knowledges the bus cycle by asserting READY, the bus 
cycle terminates as shown in Figure 51. If READY is ne- 
gated as in Figure 52, the cycle continues another bus 
state (a wait state) and READY is sampled again at the 
end of that state. This continues indefinitely until the cy- 
cle is acknowledged by READY asserted. 








When the current cycle is acknowledged, the 
Am386DXL microprocessor terminates it. When a Read 
cycle is acknowledged, the AM3886DXL CPU latches the 
information present at its data pins. When a Write cycle 
is acknowledged, the Am386DXL CPU write data re- 
mains valid throughout phase one of the next bus state 
to provide write data hold time. 
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Note: Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus cycle can 


immediately follow the write cycle. 
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Figure 51. Various Bus Cycles and Idle States with Non-Pipelined Address (Zero Wait States) 


Non-Pipelined Address 


Any bus cycle may be performed with non-pipelined ad- 
dress timing. For example, Figure 51 shows a mixture of 
Read and Write cycles with non-pipelined address tim- 
ing. Figure 51 shows that the fastest possible cycles 
with non-pipelined address have two bus states per bus 
cycle. The states are named T1 and T2. In phase one of 
the T1, the address signals and bus cycle definition sig- 
nals are driven valid, and to signal their availability, 
address status (ADS) is simultaneously asserted. 


During Read or Write cycles, the data bus behaves as 
follows. If the cycle is a read, the AmM386DXL micropro- 
cessor floats its data signals to allow driving by the ex- 
ternal device being addressed. The AmM386DXL device 
requires that all data bus pins be at a valid logic state 
(High or Low) at the end of each read cycle, when 
READY is asserted, even if all byte enables are not as- 
serted. The system must be designed to meet this re- 
quirement. If the cycle is a write, data signals are driven 
by the Am3886DXL device beginning in phase two of T1 
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until phase one of the bus state following cycle acknowl- 
edgment. 


Figure 52 illustrates non-pipelined bus cycles with one 





wait added to Cycles 2 and 3. READY is sampled 
negated at the end of the first T2 in Cycles 2 and 3. 
Therefore, Cycles 2 and 3 have T2 repeated. At the end 
of the second T2, READY is sampled asserted. 


When address pipelining is not used, the address and 
bus cycle definition remain valid during all wait states. 
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When wait states are added and you desire to maintain 
non-pipelined address timing, it is necessary to negate 
NA during each T2 state except the last one, as shownin 
Figure 52 Cycles 2 and 3. If NA is sampled asserted dur- 
ing a T2 other than the last one, the next state would be 
T2| (for pipelined address) or T2P (for pipelined 
address) instead of another T2 (for non-pipelined 
address). 
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Note: Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus cycle can 


immediately follow the Write cycle. 
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Figure 52. Various Bus Cycles and Idle States with Non-Pipelined Address 
(Various Number of Wait States) 
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T1— First clock of a non-pipelined bus cycle (Am386DXL microprocessor drives new address and asserts ADS). 
T2— Subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 


Ti — Idle state. 


Th— Hold Acknowledge state (Am386DXL microprocessor asserts HLDA). 


The fastest bus cycle consists of two states: T1 and T2. 
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Four basic bus states describe bus operation when not using pipelined address. These states do include BS16 usage for 32-bit and 16-bit bus 
size. If asserting BS16 requires second 16-bit bus cycle to be performed, it is performed before HOLD asserted acknowledged. 


Figure 53. Bus States (Not Using Pipelined Address) 


Figure 53 illustrates the bus states and transitions when 
address pipelining is not used. The bus transitions be- 
tween four possible states: T1, T2, Ti, and Th. Bus cy- 
cles consist of T1 and T2, with T2 being repeated for 
wait states. Otherwise, the bus may be idle in the Ti 
state, or in hold acknowledge, the Th state. 


When address pipelining is not used, the bus state dia- 
gram is as shown in Figure 53. When the bus is idle, it is 
in state Ti. Bus cycles always begin with T1. T1 always 
leads to T2. If a bus cycle is not acknowledged during T2 
and NA is negated, T2 is repeated. When a cycle is ac- 
knowledged during T2, the following state will be T1 of 
the next bus cycle if a bus request is pending internally, 
or Ti if there is no bus request pending, or Th if the 
HOLD input is being asserted. 


The bus state diagram in Figure 53 also applies to the 
use of BS16. If the Am386DXL microprocessor makes 
internal adjustments for 16-bit bus size, the adjustments 
do not affect the external bus states. If an additional 
16-bit bus cycle is required to complete a transfer on 
a 16-bit bus, it also follows the state transitions shown in 
Figure 53. 
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Use of pipelined address allows the Am386DXL CPU to 
enter three additional bus states not shown in Figure 53. 
Figure 59 in Pipelined Address is the complete bus state 
diagram, including pipelined address cycles. 
Non-Pipelined Address With Dynamic Data Bus 
Sizing 

The physical data bus width for any non-pipelined bus 
cycle can be either 32 or 16 bits. At the beginning of the 
bus cycle, the processor behaves as if the data bus is 
32-bits wide. When the bus cycle is acknowledged by 
asserting READY at the end of a T2 state, the most 
recent sampling of BS16 determines the data bus size 
for the cycle being acknowledged. If BS16 was most re- 
cently negated, the physical data bus size is defined as 
32 bits. If BS16 was most recently asserted, the size is 
defined as 16 bits. 


When BS16 is asserted and two 16-bit bus cycles are re- 
quired to complete the transfer, BS16 must be asserted 
during the second cycle; 16-bit bus size is not assumed. 
Like any bus cycle, the second 16-bit cycle must be ac- 
knowledged by asserting READY. 
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Figure 54. Asserting BS16 (Zero-Wait-States, Non-Pipelined Address) 
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Figure 55. Asserting BS16 (One-Wait-State, Non-Pipelined Address) 
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When a second 16-bit bus cycle is required to complete 
the transfer over a 16-bit bus, the addresses generated 
for the two 16-bit bus cycles are closely related to each 
other. The addresses are the same, except BEO and 
BE1 are always negated for the second cycle. This is be- 
cause data on D15—D0 was already transferred during 
the first 16-bit cycle. 


Figures 54 and 55 show cases where assertion of BS16 
requires a second 16-bit cycle for complete operand 
transfer. Figure 54 illustrates cycles without wait states. 
Figure 55 illustrates cycles with one wait state. In Figure 
55 Cycle 1, the bus cycle during which BS16 is asserted, 
note that NA must be negated in the T2 state(s) prior to 
the last T2 state. This is to allow the recognition of BS16 
asserted in the final T2 state. The relation of NA and 
BS16 is given fully in Pipelined Address, but Figure 55 
illustrates this only precaution you need to know when 
using BS16 with non-pipelined address. 


Pipelined Address 


Address pipelining is the option of requesting the ad- 
dress and the bus cycle definition of the next internally 
pending bus cycle before the current bus cycle is ac- 
knowledged with READY asserted. ADS is asserted by 
the AM386DXL microprocessor when the next address 
is issued. The address pipelining option is controlled on 
a cycle-by-cycle basis with the NA input signal. 


Once a bus cycle is in progress and the current address 
has been valid for at least one entire bus state, the NA 
input is sampled at the end of every phase one until the 
bus cycle is acknowledged. During non-pipelined bus 
cycles, therefore, NAis sampled at the end of phase one 
in every T2. An example is Cycle 2 in Figure 56, during 
which NA is sampled at the end of phase one of every T2 
(it was asserted once during the first T2 and has no fur- 
ther effect during that bus cycle). 


If NA is sampled asserted, the Am386DXL microproces- 
sor is free to drive the address and bus cycle definition of 
the next bus cycle, and assert ADS, as soon as it has a 
bus request internally pending. It may drive the next ad- 
dress as early as the next bus state, whether the current 
bus cycle is acknowledged at that time or not. 


Regarding the details of address pipelining, the 

Am386DXL CPU has the following characteristics. 

1. For NA to be sampled asserted, BS16 must be 
negated at the sampling window (see Figure 56 


Cycles 2 through 4, and Figure 57 Cycles 1 through 
4). lf NA and BS16 are both sampled asserted during 
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the last T2 period of a bus cycle, BS16 asserted has 
priority. Therefore, if both are asserted, the current 
bus size is taken to be 16 bits and the next address is 
not pipelined. 


2. The next address may appear as early as the bus 
state after NA was sampled asserted (see Figure 56 
or 57). In that case, state T2P is entered immedi- 
ately, However, when there is not an internal bus 
request already pending, the next address will not be 
available immediately after NA is asserted and T2! 
is entered instead of T2P (see Figure 58 Cycle 3). 
Provided the current bus cycle is not yet acknow- 
ledged by READY asserted, T2P will be entered as 
soon as the Am386DXL microprocessor does drive 
the next address. External hardware should 
therefore observe the ADS output as confirmation 
the next address is actually being driven on the bus. 


3. Once NA is sampled asserted, the Am386DXL 
microprocessor commits itself to the highest priority 
bus request that is pending internally. It can no 
longer perform another 16-bit transfer to the same 
address should BS16 be asserted externally, so 
thereafter must assume the current bus size is 32 
bits. Therefore, if NA is sampled asserted within a 
bus cycle, BS16 must be negated thereafter in that 
bus cycle (see Figures 56, 57, 58). Consequently, do 
not assert NA during bus cycles that must have BS16 
driven asserted. See Dynamic Bus Sizing with 
Pipelined Address. 


4. Any address which is validated by a pulse on the 
Am386DXL CPU ADS output will remain stable on 
the address pins for at least two processor clock 
periods. The Am386DXL microprocessor can not 
produce a new address more frequently than every 
two processor clock periods (See Figures 56, 57, 58). 


5. Only the address and bus cycle definition of the very 
next bus cycle is available. The pipelining capability 
cannot look further than one bus cycle ahead (see 
Figure 58 Cycle 1). 

The complete bus state transition diagram, including op- 

eration with pipelined address is given by Figure 59. 

Note it is a superset of the diagram for non-pipelined 

address only and the three additional bus states for 

pipelined address are drawn in bold. 


The fastest bus cycle with pipelined address consists of 
just two bus states, T1P and T2P (recall for non- 
pipelined address it is T1 and T2). T1P is the first bus 
state of a pipelined cycle. 
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Note: Following any idle bus state (Ti), addresses are non-pipelined. Within non-pipelined bus cycles, NA is only sampled during wait 
states. Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires a non-pipelined cycle with at least 
one wait state (Cycle 2 above). 
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Figure 56. Transitioning to Pipelined Address During Burst of Bus Cycles 
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Note: Following any idle bus state (Ti) the address is always non-pipelined and NA is only sampled during wait states. To start address pipelining 
after an idle state requires a non-pipelined cycle with at least one wait state (Cycle 1 above). The pipelined cycles (2, 3, 4 above) are shown 
with various numbers of wait states. 
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Figure 57. Fastest Transition to Pipelined Address Following Idle Bus State 


Am386DXL Microprocessor 1-283 


tot aR ee 


cl AMD 


Initiating and Maintaining Pipelined Address 


Using the state diagram Figure 59, observe the transi- 
tions from an idle state, Ti, to the beginning of a 
pipelined bus cycle, T1P. From an idle state Ti, the first 
bus cycle must begin with T1, and is therefore a non- 
pipelined bus cycle. The next bus cycle will be pipelined, 
however, provided NA is asserted and the first bus cycle 
ends in a T2P state (the address for the next bus cycle is 
driven during T2P). The fastest path from an idle state to 
a bus cycle with pipelined address is shown in below: 


Ti, Ti, Ti T1-T2-T2P T1P-T2P 
\cerreemvmamnnanysunemenmenannd a) | 
Idle Non-Pipelined Pipelined 
States Cycle Cycle 


T1-T2-T2P are the states of the bus cycle that estab- 
lishes address pipelining for the next bus cycle, which 
begins with T1P. The same is true after a bus hold state, 
shown below: 


Th, Th, Th T1-T2-T2P T1P-T2P 
Naeem | ecenernygrnencmemnnel 
Hold Non-Pipelined Pipelined 
Acknowledge Cycle Cycle 
States 


The transition to pipelined address is shown functionally 
by Figure 57 Cycle 1. Note that Cycle 1 is used to transi- 
tion into pipelined address timing for the subsequent 
Cycles 2, 3, and 4 that are pipelined. The NA input is as- 
serted at the appropriate time to select address pipe- 
lining for Cycles 2, 3, and 4. 


Once a bus cycle is in progress and the current address 
has become valid, the NA input is sampled at the end of 
every phase one, beginning with the next bus state, until 
the bus cycle is acknowledged. During Figure 57 Cycle 
1 therefore, sampling begins in T2. Once NA is sampled 
asserted during the current cycle, the Am386DXL mi- 
croprocessor is free to drive a new address and bus cy- 
Cle definition on the bus as early as the next bus state. 
In Figure 56 Cycle 1 for example, the next address 
is driven during state T2P. Thus, Cycle 1 makes the 
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transition to pipelined address timing, since it begins 
with T1 but ends with T2P. Because the address for Cy- 
cle 2 is available before Cycle 2 begins, Cycle 2 is called 
a pipelined bus cycle, and it begins with T1P. Cycle 2 be- 
gins as soon as READY asserted terminates Cycle 1. 


Example transition bus cycles are Figure 57 Cycle 1 and 
Figure 56 Cycle 2. Figure 57 shows transition during the 
very first cycle after an idle bus state, which is the fastest 
possible transition into address pipelining. Figure 56 Cy- 
cle 2, shows a transition cycle occurring during a burst of 
bus cycles. In any case, a transition cycle is the same 
whenever it occurs: it consists at least of T1, T2 (you as- 
sert NA at that time), and T2P (provided the Am3886DXL 
microprocessor has an internal bus request already 
pending, which it almost always has). T2P states are re- 
peated if wait states are added to the cycle. 


Note three states (T1, T2, and T2P) are only required in 
a bus cycle performing a transition from non-pipelined 
address into pipelined address timing; for example, Fig- 
ure 57 Cycle 1. Figure 57 Cycles 2, 3, and 4 show that 
address pipelining can be maintained with two-state bus 
cycles consisting only of T1P and T2P. 


Once a pipelined bus cycle is in progress, pipelined tim- 
ing is maintained for the next cycle by asserting NA and 
detecting that the Am386DXL CPU enters T2P during 
the current bus cycle. The current bus cycle must end in 
state T2P for pipelining to be maintained in the next cy- 
Cle. T2P is identified by the assertion of ADS. Figures 56 
and 57 however, show pipelining ending after Cycle 4, 
because Cycle 4 ends in T2P. This indicates the 
Am386DXL CPU did not have an internal bus request 
prior to the acknowledgment of Cycle 4. If a cycle ends 
with a T2 or Tal, the next cycle will not be pipelined. 


Realistically, address pipelining is almost always main- 
tained as long as NA is sampled asserted. This is so, be- 
cause in the absence of any other request a code 
prefetch request is always internally pending until the in- 
struction decoder and code prefetch queue are com- 
pletely full. Therefore, address pipelining is maintained 
for long bursts of bus cycles, if the bus is available (i.e., 
HOLD negated) and NA is sampled asserted in each of 
the bus cycles. 
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Figure 58. Details of Address Pipelining During Cycles with Wait States 
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Bus States: ae — ° 
T1 — First clock of a non-pipelined bus cycle (Am386DXL CPU drives new (No Request + 
address and asserts ). HOLD Asserted) 
T2 — Subsequent clocks of a bus cycle when NA has not been sampled asserted READY Negatede 


in the current bus cycle. 
T2I— Subsequent clocks of a bus cycle when NA has been sampled asserted in 


the current bus cycle but there is not yet an internal bus request pending 
(Am386DXL CPU will not drive new address or assert ADS). 

T2P—Subsequent clocks of a bus cycle when NA has been sampled asserted in 
the current bus cycle and there is an internal bus request pending 
(Am386DXL CPU drives new address and asserts ADS). 

T1P—First clock of a pipelined bus cycle. 

Ti — Idle state. 

Th — Hold Acknowledge state (Am386DXL CPU asserts HLDA). 


Asserting NA for pipelined address gives access to three more bus states: T2l, 
T2P, and T1P. 


Using pipelined address, the fastest bus cycle consists of T1P and T2P. 
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Figure 59. Am386DXL Microprocessor Complete Bus States (including Pipelined Address) 
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Pipelined Address With Dynamic Data Bus Sizing 


The BS16 feature allows easy interface to 16-bit data 
buses. When asserted, the Am386DXL microprocessor 
bus interface hardware performs appropriate action to 
make the transfer using a 16-bit data bus connected on 
D1i5—D0. 


There is a degree of interaction, however, between the 
use of Address Pipelining and the use of Bus Size 16. 
The interaction results from the multiple bus cycles re- 
quired when transferring 32-bit operands over a 16-bit 
bus. If the operand requires both 16-bit halves of the 
32-bit bus, the appropriate Am386DXL microprocessor 
action is a second bus cycle to complete the operand’s 
transfer. It is this necessity that conflicts with NA usage. 


When NA is sampled asserted, the Am386DXL micro- 
processor commits itself to perform the next internally 
pending bus request, and is allowed to drive the next in- 
ternally pending address onto the bus. Asserting NA 
therefore makes it impossible for the next bus cycle to 
again access the current address on A31—A2, such as 
may be required when BS16 is asserted by the external 
hardware. 

To avoid conflict, the Am386DXL microprocessor is de- 

signed with following two provisions. 

1. To avoid conflict, BS16 must be negated in the current 
bus cycle if NA has already been sampled asserted 
in the current cycle. lf NA is sampled asserted, the 
current data bus size is assumed to be 32 bits. 

2. Also to avoid conflict, if NA and BS16 are both 
asserted during the same sampling window, BS16 
asserted has priority and the Am3886DXL micro- 
processor acts as if NA was negated at that time. 





Certain types of 16- or 8-bit operands require no adjust- 
ment for correct transfer on a 16-bit bus. Those are read 
or write operands using only the lower half of the data 
bus, and write operands using only the upper half 
of the bus, since the Am386DXL CPU simultaneously 
duplicates the write data on the lower half of the data 
bus. For these patterns of Byte Enables and the W/R 
signals, BS16 need not be asserted at the Am386DXL 
CPU allowing NA to be asserted during the bus cycle if 
desired. 





Interrupt Acknowledge (INTA) Cycles 


In response to an interrupt request on the INTR input 
when interrupts are enabled, the Am386DXL micropro- 
cessor performs two interrupt acknowledge cycles. 
These bus cycles are similar to read cycles in that bus 
definition signals define the type of bus activity taking 
place, and each cycle continues until acknowledged by 
READY sampled asserted. 
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The state of A2 distinguishes the first and second inter- 
rupt acknowledge cycles. The byte address driven dur- 
ing the first interrupt acknowledge cycle is 4 (A31—A3 
Low, A2 High, BE3—BE1 High, and BEO Low). The ad- 
dress driven during the second interrupt acknowledge 
cycle is 0 (A31—-A2 Low, BE3-BE1 High, BEO Low). 


The LOCK output is asserted from the beginning of the 
first interrupt acknowledge cycle until the end of the sec- 
ond interrupt acknowledge cycle. Four idle bus states, 
Ti, are inserted by the Am386DXL microprocessor be- 
tween the two interrupt acknowledge cycles, allowing 
for compatibility with spec TRHRL of the 8259A Interrupt 
Controller. 


During both interrupt acknowledge cycles, D31—D0 
float. No data is read at the end of the first interrupt ac- 
knowledge cycle. At the end of the second interrupt 
acknowledge cycle, the Am386DXL microprocessor will 
read an external interrupt vector from D7—D0O of the data 
bus. The vector indicates the specific interrupt number 
(from 0-255) requiring service. 


Halt Indication Cycie 


The Am386DXL microprocessor halts as a result of 
executing a HALT instruction. Signaling its entrance into 
the halt state, a halt indication cycle is performed. The 
halt indication cycle is identified by the state of the bus 
definition signals shown in Bus cycle Definition and a 
byte address of 2. BEO and BE2 are the only signals 
distinguishing halt indication from shutdown indication, 
that drives an address of 0. During the halt cycle 
undefined data is driven on D31—D0. The halt indication 
cycle must be acknowledged by READY asserted. 


A halted Am386DXL CPU resumes execution when 
INTR (if interrupts are enabled) or NMI or RESET is 
asserted. 


Shutdown Indication Cycle 


The Am386DXL microprocessor shuts down as a result 
of aprotection fault while attempting to process a double 
fault. Signaling its entrance into the shutdown state, a 
shutdown indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus defini- 
tion signals shown in Bus Cycle Definition and a byte ad- 
dress of 0. BEO and BE2 are the only signals distinguish- 
ing shutdown indication from halt indication, which 
drives an address of 2. During the shutdown cycle unde- 
fined data is driven on D31—D0. The shutdown indica- 
tion cycle must be acknowledged by READY asserted. 





A shutdown Am386DXL microprocessor resumes exe- 
cution when NMI or RESET is asserted. 
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A transfer requiring two 
cycles on 16-bit data bus 
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Figure 60. Using NA and BS16 
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Interrupt Vector (0-255) is read on D7—D0 at end of second Interrupt Acknowledge bus cycle. 
Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA has no practical effect. Choose the 
approach that is simplest for your system hardware design. 
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Figure 61. Interrupt Acknowledge Cycles 
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Cycle 1 Cycle 1A Idle 
Non-Pipelined Non-Pipelined 
(Write) (Halt) 
T1 OY 
cLK2 [| ri 
(CLK) [ 
BES, BE, Am386DXL CPU remains 
BEO, M0, [ halted until INTR, NMI, or 
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Note: Halt cycle must be 
acknowledged by READY 
asserted. Wait states may 
be added to the cycle if 
desired. 
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Figure 62. Halt Indication Cycle 
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(Read) (Shutdown) 
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Am386DXL CPU remains 
shutdown until NMI or 
poe RESET is asserted. 
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Am386DXL CPU responds 
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Shutdown state. 
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Figure 63. Shutdown Indication Cycle 
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Other Functional Descriptions 
Entering and Exiting Hold Acknowledge 


The Bus Hold Acknowledge State, Th, is entered in 
response to the HOLD input being asserted. In the 


CPU remains in the bus hold acknowledge state. In the 
Bus Hold Acknowledge state, all inputs except HOLD, 
FLT, RESET, BUSY, ERROR, and PEREQ are ignored 








(also up to one rising edge on NMI is remembered for 


Bus Hold Acknowledge state, the Am386DXL micropro- 
processing when HOLD is no longer asserted). 


cessor floats all output or bi-directional signals, except 
for HLDA. HLDA is asserted as long as the Am3886DXL 


Idle 


Hold 
Acknowledge 


Idle 














CLK2 [ 


rm 


(CLK) 
HoLD [ | 
HLDA [ 
BES-BEO, i 
AS1-A2 WD, L XXXXX) 
ADS [ 





NR [ XXXXXXXXXXXXXKKKKKKKK 





esis [ XXXXXXXXXXXXXXXKXKXXK 
READY [ XXXXKXXXXKXXXKXXXKKKX 
coor [ KXXKX)-——- (Floating) ----KXXX) 
p3i-po [| —+-——}-——- (Floating) ---}——— 


Note: For maximum design flexibility the Am386DXL CPU has no internal pullup resistors on its outputs. Your design may 
require an external pullup on ADS and other Am386DXL CPU outputs to keep them negated during float periods. 


15021B-067 
Figure 64. Requesting Hold from Idle Bus 
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Th may be entered from a bus idle state, as in Figure 64, 
or after the acknowledgment of the current physical bus 
cycle if the LOCK signal is not asserted, as in Figures 65 
and 66. If HOLD is asserted during a locked bus cycle, 
the Am386DXL microprocessor may execute one un- 
locked bus cycle before acknowledging HOLD. If assert- 
ing BS16 requires a Second 16-bit bus cycle to complete 
a physical operand transfer, it is performed before 
HOLD is acknowledged, although the bus state dia- 
grams in Figures 53 and 59 do not indicate that detail. 


Th is exited in response to the HOLD input being ne- 
gated. The following state will be Ti as in Figure 64 if no 
bus request is pending. The following bus state will be 
T1 if abus request is internally pending, as in Figures 65 
and 66. 


This also exited in response to RESET being asserted. 


If a rising edge occurs on the edge-triggered NMI input 
while in Th, the event is remembered as a non-mask- 
able interrupt 2 and is serviced when This exited, unless 
of course, the Am386DXL microprocessor is reset be- 
fore This exited. 


RESET During HOLD Acknowledge 


RESET being asserted takes priority over HOLD being 
asserted. Therefore, Th is exited in response to the 
RESET input being asserted. If RESET is asserted 
while HOLD remains asserted, the AmM386DXL micro- 
processor drives its pins to defined states during reset, 
as in Table 15 Pin State During RESET, and performs 
internal reset activity as usual. 

If HOLD remains asserted when RESET is negated, the 
Am386DXL microprocessor enters the hold acknowl- 
edge state before performing its first bus cycle, provided 
HOLD is still asserted when the Am386DXL micropro- 
cessor would otherwise perform its first bus cycle. If 
HOLD remains asserted when RESET is negated, the 
BUSY input is still sampled as usual to determine 
whether a self testis being requested, and ERROR is still 
sampled as usual to determine whether a 387DX math 
coprocessor versus an 80287 (or none) is present. 


Float 


Activating the FLT input floats all Am386DXL CPU 
bi-directional and output signals, including HLDA. As- 
serting FLT isolates the Am386DXL CPU from the 
surrounding Circuitry. 
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As the Am3886DXL microprocessor is packaged in a sur- 
face mount PQFP, it cannot be removed from the mo- 
therboard when In-Circuit Emulation (ICE) is needed. 
The FLT input allows the Am386DXL CPU to be electri- 
Cally isolated from the surrounding circuitry. This allows 
connection of an emulator to the Am386DXL micropro- 
cessor PQFP without removing it from the PCB. This 
method of emulation is referred to as ON-Circuit Emula- 
tion (ONCE). 


Entering and Exiting Float 


FLT is an asynchronous, active Low input. It is recog- 
nized on the rising edge of CLK2. When recognized, it 
aborts the current bus cycle and floats the outputs of the 
Am386DXL microprocessor (Figure 68). FLT must be 
held Low for a minimum of 16-CLK2 cycles. Reset 
should be asserted and held asserted until after FLT is 
deasserted. This will ensure that the Am3886DXL CPU 
will exit Float in a valid state. 


Asserting the FLT input unconditionally aborts the cur- 
rent bus cycle and forces the AM386DXL microproces- 
sor into the Float mode. Since activating FLT uncondi- 
tionally forces the AM3886DXL CPU into Float mode, the 
Am386DXL CPU is not guaranteed to enter Float in a 
valid state. After deactivating FLT, the Am3886DXL CPU 
is not guaraneeted to exit Float mode in a valid state. 
This is not a problem, as the FLT pin is meant to be used 
only during ONCE. After exiting Float, the Am386DXL 
CPU must be reset to return it to a valid state. Reset 
should be asserted before FLT is deasserted. This will 
ensure that the AmM386DXL CPU will exist Float in a valid 
state. 


FLT has an internal pull-up resistor, and if it is not used it 
should be unconnected. 


Bus Activity During and Following Reset 


RESET is the highest priority input signal capable of in- 
terrupting any processor activity when it is asserted. A 
bus cycle in progress can be aborted at any stage; or 
idle states or bus hold acknowledge states discontinued 
so that the RESET state is established. 


RESET should remain asserted for at least 15-CLK2 
periods to ensure it is recognized throughout the 
Am886DXL microprocessor, and at least 80-CLK2 peri- 
ods if Am386DXL device self-test is going to be re- 
quested at the falling edge. RESET asserted pulses less 
than 15-CLK2 periods may not be recognized. RESET 
pulses less than 80-CLK2 periods followed by a self-test 
may cause the self-test to report a failure when no true 
failure exists. 
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The additional RESET pulse width is required to clear 
additional state prior to valid self-test. 


Provided the RESET falling edge meets setup and hold 
times, t25 and t26, the internal processor clock phase is 
defined at that time, as illustrated by Figure 67. 


An Am386DXL microprocessor self-test may be re- 
quested at the time RESET is negated by having the 
BUSY input at a Low level, as shown in Figure 67. The 
self-test requires (27°) + approximately 60-CLK2 periods 
to complete. The self-test duration is not affected by the 
test results. Even if the self-test indicates a problem, the 
Am386DXL device attempts to proceed with the reset 
sequence afterward. 





After the RESET falling edge (and after the self-test if 
it was requested) the AmM3886DXL microprocessor per- 
forms an internal initialization sequence for approxi- 
mately 350- to 450-CLK2 periods. 


The Am386DXL microprocessor samples its ERROR in- 
put some time after the falling edge of RESET and be- 
fore executing the first ESC instruction. During this sam- 
pling period BUSY must be High. If ERROR was sam- 
pled active, the Am386DXL device employs the 32-bit 
protocol of a 387DX math coprocessor. Even though 
this protocol was selected, it is still necessary to use a 
software recognition test to determine the presence or 
identity of the coprocessor and to assure compatibility 
with future processors. 
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Hold Cycle 2 
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Note: HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) requirements 
are met. This waveform is useful for determining Hold Acknowledge latency. 
15021B-068 
Figure 65. Requesting Hold from Active Bus (NA Negated) 
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Note: HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) requirements 
are met. This waveform is useful for determining Hold Acknowledge latency. 
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Figure 66. Requesting Hold from Active Bus (NA Asserted) 


Table 21. Component and Revision Identifier History 


Preeti icieelo Component Revision 
croprocessor Identifier Identifier 
Stepping Name Revision 
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lo2]o1lo2}/o1]o2 01102 
CLK (Internal) CK XK XK XIK XK XK X X / ie 4 Vy 
Negated to allow sensing of a 
pa No self-test 387DX math coprocessor 
Busy [ XXXXXXKXXK XY T It RXXXRX 


Low to begin self-test (Note 2) Asserted to indicate 387DX 
math coprocessor protocol 


§ 
ERFOR [ RXXKKXKKRKY RK KKK RK KK RRR || KIN 
BE3-BEO, wa Up to 30 CLK2 


M/O, HLDA [ XX XX XXX N\_Low || During Reset A XX XXX LOCO’, XXX Valid 1 
Up to 30 CLK2 
A31-A2, : 
pic, Lock [ XXXXXXXY During Reset CXXXXAD XDA AD _ Valid 1 
Up to 30 CLK2 
ADS | KXKXXXXXY| Highi| During Reset 


L 
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Notes: 1. BUSY should be held stable for 8-CLK2 periods before and after the CLK2 period in which RESET falling edge occurs. 
2. If self-test is requested, the Am386DXL microprocessor outputs remain in their reset state as shown here and in Table 14. 


Figure 67. Bus Activity from Reset Until First Code Fetch 15021B-070 
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Figure 68. Entering and Exiting FLT 
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Self-Test Signature 


Upon completion of self-test, (if self-test was requested 
by holding BUSY Low at least eight CLK2 periods before 
and after the falling edge of RESET), the EAX register 
will contain a signature of 00000000h indicating the 
Am386DXL CPU passed its self-test of microcode and 
major PLA contents with no problems detected. The 
passing signature in EAX, 00000000h, applies to all 
Am386DXL microprocessor revision levels. Any non- 
zero signature indicates the Am386DXL CPU unit is 
faulty. 





Component and Revision Identifiers 


To assist AmM386DXL microprocessor users, the micro- 
processor after reset holds a component identifier anda 
revision identifier in its DX register. The upper 8 bits of 
DX hold 03h as identification of the Am386DXL CPU 
component. The lower 8 bits of DX hold an 8-bit un- 
signed binary number related to the component revision 
level. The revision identifier begins chronologically with 
a value zero and is subject to change (typically it will be 
incremented) with component steppings intended to 
have certainimprovements or distinctions from previous 
steppings. 


These features are intended to assist AmM386DXL mi- 
croprocessor users to a practical extent. However, the 
revision identifier value is not guaranteed to change with 
every stepping revision nor to follow a completely uni- 
form numerical sequence, depending on the type or in- 
tention of revision or manufacturing materials required 
to be changed. 


Coprocessor Interfacing 


The Am386DXL microprocessor provides an automatic 
interface for a 387DX floating-point math coprocessor. 
A 387DX math coprocessor uses an I/O-mapped inter- 
face driven automatically by the Am386DXL micropro- 
cessor and assisted by three dedicated signals: BUSY, 
ERROR, and PEREQ. 


As the Am386DXL CPU begins supporting a coproces- 
sor instruction, it tests the BUSY and ERROR signals to 
determine if the coprocessor can accept its next instruc- 
tion. Thus, the BUSY and ERROR inputs eliminate the 
need for any preamble bus cycles for communication 
between processor and coprocessor. A 387DX math 
coprocessor can be given its command op-code imme- 
diately. The dedicated signals provide instruction syn- 
chronization, and eliminate the need of using the 
Am386DXL CPU WAIT op-code (9Bh) for 387DX math 
coprocessor instruction synchronization (the WAIT op- 
code was required when 8086 or 8088 was used with 
the 8087 coprocessor). 
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Custom coprocessors can be included in Am3886DXL 
microprocessor based systems, via memory-mapped or 
l/O-mapped interfaces. Such coprocessor interfaces al- 
low a completely custom protocol, and are not limited to 
a set of coprocessor protocol primitives. Instead, mem- 
ory-mapped or I/O-mapped interfaces may use all appli- 
cable Am386DXL microprocessor instructions for high- 
speed coprocessor communication. The BUSY and 
ERROR inputs of the Am3886DXL CPU may also be used 
for the custom coprocessor interface, if such hardware 
assist is desired. These signals can be tested by the 
Am386DXL CPU WAIT op-code (9Bh). The WAIT in- 
struction will wait until the BUSY input is negated (inter- 
ruptable by an NMI or enable INTR input), but generates 
an Exception 16 fault if the ERROR pin is in the asserted 
state when the BUSY goes (or is) negated. If the custom 
coprocessor interface is memory-mapped, protection of 
the addresses used for the interface can be provided 
with the Am3886DXL microprocessor on-chip paging or 
segmentation mechanisms. If the custom interface is I/ 
O-mapped, protection of the interface can be provided 
with the Am3886DXL microprocessor IOPL (I/O Privilege 
Level) mechanism. 


A 387DX math coprocessor interface is I/O mapped as 
shown in Table 22. Note that a 387DX math coproces- 
sor interface addresses are beyond the OhFFFFh range 
for programmed I/O. When the Am386DXL CPU sup- 
ports a 387DX math coprocessor, the AmM386DXL mi- 
croprocessor automatically generates bus cycles to the 
coprocessor interface addresses. 








Table 22. Math Coprocessor Port Addresses 
Address in Am386DXL__| 387DX | 
CPU I/O Space Coprocessor Register 
Opcode Register : 
800000F8h (32-bit port) | 
| Operand Register | 
800000FCh (32-bit port) 


To correctly map a 387DX math coprocessor registers 
to the appropriate I/O addresses, connect a 387DX 
math coprocessor CMD0 pin directly to the A2 output of 
the AmM3886DXL microprocessor. 










Software Testing for Coprocessor Presence 


When software is used to test for coprocessor (387DX) 
presence, it should use only the following coprocessor 
op-codes: FINIT, FNINIT, FSTCW mem, FSTSW mem, 
FSTSW AX. Touse other coprocessor op-codes when a 
coprocessor is known to be not present, first set EM = 1 
in Am386DXL microprocessor CRO. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... -—65°C to +150°C 


Ambient Temperature Under Bias . . -65°C to +125°C 
Supply Voltage with Respect 

TOSS" ort hae eo kde -0.5Vto+7V 
Voltage on Other Pins ........ —0.5 V to Vcc +0.5 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 


Vcc = 5 V +5%; Tcase = 0°C to +85°C (PGA) 
Vec=5 V+10%; Tcase = 0°C to +100°C (PQFP) 


Parameter 
Symbol Description 
Vi Input Low Voltage 


Vin Input High Voltage 
Vic CLK2 Input Low Voltage 


Viue CLK2 Input High Voltage 


20 MHz 





25, 33, and 40 MHz 


Vor Output Low Voltage 
lo. = 4 MA: A31—A2, D31-D0O 
4. = 5 mA: BE3-BEO, WR, 
D/C, MAO, LOCK, ADS, HLDA 
Von Output High Voltage 
lon = 1 MA: A31—A2, D31-—D0O 


low = 0.9 mA: BES—BEO, 
WAR, D/G, M/IO, LOCK, 
ADS, HLDA 


ly Input Leakage Current 
(All pins except BS16, PEREQ, 
BUSY, FLT and ERROR) 





Notes 
(Note 1) 


(Note 1) 


OVS Vins Veo 


re Max Unit 
_ 3 | os | 
ee ec 
ee 


Voo—0.8 Veo + 0.3 V 
3.7 Veo + 0.3 V 


<< 


0.45 
0.45 
15 


+ 


le Input Leakage Current Vin=2.4 V pA 
(PEREQ Pin) (Note 2) 

he Input Leakage Current V,, = 0.45 pA 
(BS16, BUSY, FLT, and ERROR) (Note 3) 

lis Output Leakage Current 0.45 Vs Vour $ Voc pA 


lig Supply Current 
CLK2 = 40 MHz: with —20 


CLK2 = 50 MHz: with -—25 


CLK2 = 66 MHz: with -—33 





CLK2 = 80 MHz: with —40 


lecee Standby Current cosas TYP =0.02 mA 
(Note 5) 


(Note 4) 
cc Typ = 165 
cc Typ=210 


Oo nm H 1a ©) 
Qo a o — = s) 
oo 8 on = } 
3 
> 


Cu, input or /O —— F.=1 MHz (Note 4) Bae Se See 
Cog. Fo=1 MHz (Note 4 aE I I 


Cay CLK2 Capacitance F,=1 MHz (Note 4) ae a SE 


Notes: 1. The Min value, 0.3, is not 100% tested. 
2. PEREQ input has an internal pulldown resistor. 
3. BSié. BUSY, FLT, and ERROR | 
4. Not 100% tested. 


inputs each have an internal pullup resistor. 


5. Measurement taken with inputs at rails, outputs unloaded, BS16, BUSY, FLT, and ERROR at Vcc voltage level, PEREQ at Gnd. 
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SWITCHING CHARACTERISTICS over operating range 
Vcc =5 V +5%; Tcase = 0°C to +85°C 


Parameter 
Description Sccis Unit 


Operating Frequency Half of CLK2 Freq Cs ae ee ae 


1 | CLK2Period Eee ns 
2b a ns 
3a_| CLK2LowTime tate ns 
3b Tha fo, ae ee SS ns 
4 


CLK2 Fall Time 3.7 7 to 0.8 V 
(Note 3) ns 

5 CLK2 Rise Time 0.8 Vto3.7V 
(Note he | ns 


rare aOR 809 | ert fe nS 
ns 
riecar encvaiiomy—Teetigr [vores [es ns 
9 ns 
Pea CO eT 
10a | ADS Valid Delay ___——*+dt =50pF | 70,73,61 | 4 | 13 | ns 
11 Pa oem [ ae) [a | 20 | ns 
12 | D91-DO Write Data Valid Delay | C,=50 pF (Note) | 70,7481 | 7 | 18 | 1s 


CONT Oo 


N 











2a | D3t-DOWiteDataHoldTime | Q=50pF | 70.75 | 2 | +d ans 
13 a ns 
14 ns 
15 r 
2 i. Aaa SOARS SR SS BE el a 
17 | B56 SeupTime sid SSC‘ Sed i 
18 | BSt6Hold Time [| rd 
19” | READY Sotup Time +4 —SSCS~i rei 
ae ee a ST 
21_ | D3i-DoReadSetupTime =| —“‘iLSCCitZQ] te] ns 
210, ae A ee ae Be 
23 [HOLD SetupTime ‘| Sid re id did ts 
OMEN ee oe 
25 | RESET Setup Time |__| se [4 |_| ns 
ao_[ reser vodtine |e 
2 a a a a a a 
28_ | NMI,INTRHoldTime  _—s—sd| (Note2) — | 72 ns 
A a ee ae VY 





30 “PEREQ, ERROR, BUSY Hold Time AGE x eae ae er ns 


Notes: 1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific clock period. 
3. Rise and fall times are not tested. 
4. Min time not 100% tested. 
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SWITCHING CHARACTERISTICS 
Vec=5 V +5%; Tcase = 0°C to +85°C 


a3 Fe < z SS SSAA SEE AT CR A I oa A LIGA PE IO EE PIERO ESLER LEIP EE EE EOS ET TGR is EIT 8 EEE OTE is BES EES ETI as ut a Se ett hea SEO a 


over operating range 


as Spon ican Bienes ies hod tlie Ste Ac Ca ects tovtonn poet ste oe 


AMD Pa 


Parameter Ref 33MHzZz | 33 MHz 
Description Figures Min Max Unit 
MHz 


1 pGUKG Potted 

2a_[OLKaHightime __———s«diaavSSC~dT St dT TCS 
A a aN Se Os RR 
3a ee a 

ab 


CLK2 Fall Time 3.7 v to 0.8 V 
(Note 3) 


5 CLK2 Rise Time 


0.8 Vto3.7V 
ae 


aay $a 
eT a Cs OE Se ae el 
@ | BES-BEO, LOCK Valid Delay | C-50pF —'| 7o7aer | 4 | 15 
9 | BES-BEO,LOCKFlost Delay | (Notei) —~*|—#1—s«| 4 —S«dT SC 
10 | WR MIO, DiG Valid Delay | C,-50pF | 70,7381 | 4 | 15 
10a [ADS ValdDelay ——~—~—=«dye0pF ——=«dé~C70,7a,ei | 4 ~=~dY~SCia 
11_[ WIR MIO, D/C, ADS Float Delay | (Nolet) | _8i_—=«| SA SCiYSCSCt 


12 | D31-D0 Write Data Valid Delay C,=50pF (Note 4) | 70, 74,81 
D31—D0 Write Data Hold Time C, =50 pF 70, 75 a ee eee 


13 | D31-DOFlost Delay | Woe) + 1 | «a 
14 | HLDA Valid Delay | q=s0pF | 7o.ai_| «| 20 | 
15 | NA Setup Time ca (ae ee ee 
16 | NAHoldtime | ———~+4— +i] 
17 | BSI8 Sup Time rr 
18 | BSieHod time [side if 2 | 
19 | READY SetupTime + SCS re dT 
20 | READVHodTime ‘| ———S~d ed 


21 _[ Dst-DoReadSeuptime |i TS 
22 | Dat-DORead Hold Time | [72.3 |S 


23 | HOLD SetupTime et 
24 | HOLDHold Time Te 
25 | RESETSetupTime | | 
26s. 2 |SRESET Heid Vine a 
27_| NMILINTRSetupTime | (Note) | | 
28 | NMLINTRHoldTime | (Noto2) | 2 | | 








29 | PEREQ, ERROR, BUSY Setup Time} (Note 2) a el Ee ee ee 
30 | PEREQ, ERROR, BUSY Hold Time | (Note 2) Po a ae 





Notes: 1. Float condition occurs when maximum output current becomes less than Ito in magnitude. Float delay is not 100% tested. 


ns 
ns 
ns 
ns 
ns 


ns 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific CLK2 period. 


. Rise and fall times are not tested. 
. Min time not 100% tested. 


&O 
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SWITCHING CHARACTERISTICS over operating range 


Voc=5 V +5; Tease = 0°C to +85°C (PGA) 
Veo=5 V +10%; Tease =0°C to +100°C (POFP) 


“Parameter — 
| Description ies Unit 


[Operating Frequency _ Half of CLK2 Freq Te SE IE a 
































2a | CLK? Fgh Te a ns 
3b a Cl ee a Se Sa a Sa ns 

A [eer dws | | 
(Note 3) 7 ns 

[omer ee 
(ete 3) 7 ns 
7 paseresoser Foe) ot ee ns 
8 | BES-BEOValidDelay | Cu=50pF_ | 70,73,81 | 4 | 24s 
8a_| COCK Valid Delay | CL SOpF | 70,73,81 | 4 | ts 
9 a ns 
wee _| Valid Delay _ | C= 50D 70, 73, 81 {_ 21 ns 
_ Float Delay | Not 1) 4 ns 
a A ns 
rz: a aa ie ns 
2 | 5 ee OO SO ns 
15 Se Se ae he See Se en ns 
16 | NAHoldTime TC 
| 7 | BSi6SetupTime | es 
18 | BSt6HoldTime | dts 
19 _| READY Setup Time, 7S 
20 | READYHoldTime | CC Td ts 
21 [| 031-DoRead SetupTime | Pe ns 
THe Seup tine sd Cd ns 
| HOLDHoldTime TC ts 
25 | RESETSetupTime | Tt ds 
26_| RESETHoldTime = tC ts 
27 AML INTE Setup Time _1 WWote a} ns 
28° AMD INT Hold Tire Noto) ns 
| Setup Time 72 ns 
Hold Time (Note 2) 72 ns 


Noles: 1. Float condition occurs when maximum output current becomes less than lLo magnitude. Float delay i is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific CLK2 period. 
3. Rise and fall times are not tested. 
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SWITCHING CHARACTERISTICS over operating range 
Vec=5 V +5%; Tcase = 0°C to +85°C (PGA) 
Vec=5 V +10%; Tcase = 0°C to +100°C (PQFP) 


| Parameter Ref | : 
No. | Description Figures Unit 


Operating Frequency Half of CLK2 Freq a (Se ee ee ee MHz 


A ZG 
2a_[OLKanightime sd avd ST Cid 
a _[OLKenighTime Sid Cat Wow tT SCSC~*d 
Sa] CUCMawtiog Ss] mts 
3b 7 Z 


ee eee ee 
4 CLK2 Fall Time | (Vc¢—0.8 V) to 0.8 V | — 
| (Note 3) 71 / ns 
5 CLK2 Rise Time 0.8 V to (V.,-0.8 V) | | 
| (Note 3) | 71 ns 


A31-A2 Valid Delay | C, = 120 pF | 70, 73, 81 a ee ee ee ns 


6 

7__| A31~A2 Float Dela ee a ae eS eae (ee es (ee 
8 | BES-BEO Valid Delay |_C,=75 pF ‘70, 73, 81 ns 
9 | BES-BEO, LOCK 


10 | WR, MAO, D/C, ADS 
Valid Delay | | C.=75 pF 70, 73, 81 4 28 ns 




















| | Float Delay | (Note 1) | 81 4 30 ns 
13 | O31-DOFicat Delay —=—s«d|'Nolet) Sid] StS] Sd) id 
14_| HUDAValidDelay =| “Gun 7SerF «| 7s; | 6 | 28 + ns 
15_[NASeupTime «iY SSCSCSC~id Sd SCCTTCdYCSCSC™~™~S rs) 
16_|NAHoldTime TC et ts 
17_| BSt6SetupTime Te tts 
18 |BSeHoldTime | CE Tt id ts 
19 | READYSetupTime | ets 
21_[Dsi-DoReadSetuptime | SST Sd] SCY SCCSC~d'CS 
22 [Dei-DoReadHoldTime | Sd S| Sd SSCSC*dCS 
23 [| HOLDSetupTime | ts 
24 |HOLDHoWdTime TC ets 
25 | RESETSetupTime sss | CC‘ td ns 
26 | RESETHodTime | Ce a ts 
| Setup Time Note 2 72 | 14 | ons 
Hold Time (Note 2) 72 5 ns 


Notes: 1. Float condition occurs when maximum output current becomes less than I. magnitude. Float delay is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific CLK2 period. 
3. Rise and fall times are not tested. 
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SWITCHING WAVEFORMS 


The switching characteristics consist of output delays, 
input setup requirements, and input hold requirements. 
All characteristics are relative to the CLK2 rising edge 
crossing the 2.0 V level. 


Switching characteristic measurement is defined by 
Figure 69. Inputs must be driven to the voltage levels in- 
dicated by this diagram. AM3886DXL CPU output delays 
are specified with minimum and maximum limits meas- 
ured as shown. The minimum Am386DXL microproces- 
sor delay times are hold times provided to external cir- 
cuitry. AM386DXL microprocessor input setup and hold 
time are specified as minimums, defining the smallest 


© 

ree ee 15 V Frit 

ADS, M/0, WR, Jo A ining 
LOCK, HLDA) 


Output n 


(A31-A2, DIC, I Gaia NIC 


Outputs 
(D31-0) 


____Inputs aoe ee 4 
(NA, BS16, Ht els 


“ : s" 
0 V eo ee PN 


INTR, NMI) 


Inputs 

___ (READY, HOLD, I 
FLT, ERROR, BUSY. 
PEREQ, D31-D0) 


Legend: A—Maximum Output Delay Spec 
B—Minimum Output Delay Spec 
C—Minimum Input Setup Spec 

D—Minimum Input Hold Spec 






Note: Input waveforms have tr < 2.0 ns from 0.8 V to 2.0 V. 


:, *, Se, s 1 e V 
a as Os Out ut n+1 
hy a a a iP 
Pa a a 


Valid 
Output n 





acceptable sampling window. Within the sampling win- 
dow, a synchronous input signal must be stable for cor- 
rect AmM386DXL microprocessor operation. 

Outputs ADS, W/R, D/C, M/IO, LOCK, BE3—BEO, 
A31—-A2, and HLDA only change at the beginning of 
phase one. D31—D0 (write cycles) only change at the 
beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREQ, FLT, and D31—D0 (read cycles) inputs 
are sampled at the beginning of phase one. The NA, 
BS16, INTR, and NMI inputs are sampled at the begin- 
ning of phase two. 





Tx 


2 


- - — - —*\ > — - HV 









Valid 


e 
ee eee nee ene ae mee 
Nef fe, Ny LP 7 
ss, 
be, 


1.5 V7 an oe N ‘SV Output n+1 








3.0 V Er 





* oa 
co ee 
0 V a a a 


15021B-071 


Figure 69. Drive Levels and Measurement Points 
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Am386DXL CPU Output | 
C 


L 


C, includes all parasitic capacitances. 





15021B-072 
Figure 70. AC Test Load 
t1 
t2a 
t2b 
Vee —0.8 V a eee a, 
ce ' ; 
CLK2 20V ¢I-—— , —— 
0.8V ame eer 
tS | t4 
Figure 71. CLK2 Timing 15021B-073 
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Be) 
> 
© 
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HOLD 


INTR, NMI 


A31-—A2 


HLDA 
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Figure 72. Input Setup and Hold Timing 
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Figure 73. Output Valid Delay Timing 
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T1 
1 2 
CLK2 [ 
wR [ 
D31—D0 [ 
15021B-076 
Figure 74. Write Data Valid Delay Timing (25, 33, and 40 MHz) 
T1 
o1 02 
CLK2 I 
WR [ 
Min 
ti2a 
i Valid n a: SRO 
D31 DO [ JIN “tag ag ag tag te, tay 7 ep 
15021B-077 
Figure 75. Write Data Hold Timing (25, 33, 40 MHz) 
T1 
o1 62 
CLK2 [ 
wR [ 
12 Min Max 
31-—D0 I Valid n N Valid n+1 
D31-D SN 
15021B-078 


Figure 76. Write Data Valid Delay Timing (20 MHz) 
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nom +6 


nom +3 


nom 
Output Valid Delay (ns) 


nom —3 


nom -—6 


50 75 100 125 150 
C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 15021B-079 


Figure 77. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (Ci =120 pF) 


nom +9 


nom +6 


nom+3 
Output Valid Delay (ns) 


nom 
nom -—3 


nom —6 
75 100 125 150 
C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 15021B-080 


Figure 78. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (C.=75 pF) 
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nom +9 
nom +6 
Output Valid Delay (ns) 
nom +3 
nom 
nom —-3 
50 75 100 125 150 


C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 


15021B-081 
Figure 79. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (C: = 50 pF) 
8 
6 
Rise Time (ns) 0.8 V-—2.0 V 4 
2 
8 
50 75 100 125 150 
C, (picofarads) 
Note: This graph will not be linear outside of the C, range shown. 15021B-082 


Figure 80. Typical Output Rise Time Versus Load Capacitance 
at Maximum Operating Temperature 
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CLK2 [ 


> 
Ce) 


o> 
awk 
oo 


~ 
N 


A31—A2 [ 


D31—D0 l 


t13—Also applies to data float when write 
cycle is followed by read or idle 


t14 
Max || Min__| Max 


“2, os a 
[i a a 7 y 
7s a PS 
a 
2 “4, 
en “Sty tn Ee, 





HLDA [ 


Figure 81. Output Float Delay and HLDA Valid Delay Timing 


Initialization Sequence 






o2o0r9 1 o2 > 1 


The second internal processor phase following RESET High-to-Low transition (provided t25 and t26 are met) is 2. 


Figure 82. RESET Setup and Hold Timing and Internal Phase 





15021B-083 
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INSTRUCTION SET 


This section describes the Am386DXL microprocessor 
instruction set. A table lists all instructions along with in- 
struction encoding diagrams and clock counts. Further 
details of the instruction encoding are then provided in 
the following sections, which completely describe the 
encoding structure and the definition of all fields occur- 
ring within AmM3886DXL CPU instructions. 


Am386DXL Microprocessor Instruction 
Encoding and Clock Count Summary 


To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 23, by 
the processor clock period (e.g., 50 ns for a 20 MHz, 
40 ns for a 25 MHz, 30 ns for a 33 MHz, and 25 ns fora 
40 MHz Am386DXL microprocessor). 


For more detailed information on the encodings of 
instructions refer to Section Instruction Encodings. Sec- 
tion Instruction Encodings explains the general struc- 
ture of instruction encodings and defines exactly the 
encodings of all fields contained within the instruction. 


Instruction Clock Count Assumptions 


1. The instruction has been prefetched and decoded, 
and is ready for execution. 


I on ot RD RE er ae fone rss ttt =: ds 





AMD a 


2. Bus cycles do not require wait states. 


3. There are no local bus HOLD requests delaying 
processor access to the bus. 


4. No Exceptions are detected during instruction 
execution. 


5. If an effective address is calculated, it does not use 
two general register components. One register, 
scaling, and displacement can be used within the 
Clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count shown. 


Instruction Clock Count Notation 


1. If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand. 


2. n= number of times repeated. 


3. m = number of components in the next instruction 
executed, where the entire displacement (if any) 
counts as one component; the entire immediate data 
(if any) counts as one component; and each of the 
other bytes of the instruction and prefix(es) each 
count as one component. 
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Instruction Format 

GENERAL DATA TRANSFER 

MOV = Move: 

Register to Register/Memory | [modieg iri 
Register/Memory to Register 


immediate to Register/Memory 


immediate to Register (short form) 
Memory to Accumulator (short form) 
Accumulator to Memory (short form) 
Register/Memory to Segment Register 
Segment Register to Register/Memory 


MOVSX = Move with Sign Extension 


Register from Register/Memory 


MOVZX = Move with Zero Extension 


Register from Register/Memory 


PUSH = Push: 


Register/Memory 


Register (short form) 


Segment Register (ES,CS,SS, or DS) 


Segment Register (FS or GS) 


Immediate 


PUSHA = Push All 


POP =Pop 


Register/Memory 


Register (short form) 


Segment Register (ES, SS, or DS) 


Segment Register (FS or GS) 


POPA =Pop All 


XCHG = Exchange 


Register/Memory with Register 


Register with Accumulator (short form) 


IN =Input from: 


Fixed Port 


Variable Port 


OUT = Output to: 


Fixed Port 


Variable Port 


LEA = Load EA to Register 


“If CPL SIOPL 
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Table 23. Am386DXL Microprocessor Instruction Set Summary 


[Glock Count_[ Comments 













rim | 
immediate data 
full displacement 


10001110 mod sreg3 r/m 


00001111 H1o110t1w | modreg = r/m 


aie [roar a 


01011 reg 
000sreg2111 


00001111 | 
01100001 | 


immediate data 





1000100w | 







full displacement 



























10 sreg3000 


immediate data 














10sreg 3001 


10010 reg Clock Count 
' Virtual 
8086 Mode 


port number 024 


1770171W | 
10001101 mod reg r/m 


025 
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6°/26** 


7*°/27°* 


4*/24°° 
§*/25°° 
2 





> az zs zs 


a 
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Table 23. Am386DXL Microprocessor Instruction Set Summary (continued) 


| Clock Count_| Comments 



















































Protected 
Virtual 
Address | Address] Address 
instruction Format Mode 
SEGMENT CONTROL 
LDS = Load pointer t DS > | 2 | oo | mii 
LES =Load pointer to ES 7 22 b h, i,j 
LFS =Load pointer to FS 7 25 b h, i,j 
LGS Load pointer to GS }.00001114 | 10110101 | modreg rim | 7 25 b hi, j 
LSS =Load pointer to SS 7 22 b h, i, j 
FLAG CONTROL 
CLC = Clear Carry Flag 141111000 | 2 2 
CLD = Clear Direction Flag 44414100 | 2 2 
CLI = Clear Interrupt Enable Flag 8 8 m 
CLTS =Clear Task Switched Flag 6 Cc 
CMC =Complement Carry Flag 2 2 
LAHF = Load AH into Flag 2 2 
POPF = Pop Flag | 10011104 | 5 5 b hn 
PUSHF = Push Flag 4 4 b h 
SAHF = Store AH into Flag 3 3 
STC = Set Carry Flag } 14441004 | 2 2 
STD =Set Direction Flag 2 2 
STI = Set Interrupt Enable Flag 8 8 m 
ARITHMETIC 
ADD=Add 
Register to Register 2 2 
Register to Memory | 0000000w | modreg sim | 7 7 b h 
Memory to Register 6 6 b h 
Immediate to Register/Memory immediate data 2/7 2/7 b h 
Immediate to Accumulator (short form) immediate data 2 2 
ADC = Add with carry 
Register to Register 2 2 
Register to Memory 7 7 b h 
Memory to Register 6 6 b h 
Immediate to Register/Memory | 100000sw | modo10 vim immediate data 2/7 2/7 b h 
immediate to Accumulator (short form) | 0001010w | immediate data 2 2 
INC =Increment 
Register/Memory Fariittiw | modooo em | 2/6 2/6 b h 
Register (short form) 101000 16g | 2 2 
SUB =Subtract 
Register from Register 2 2 
Register from Memory 7 7 b h 
Memory from Register 6 6 b h 
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Table 23. Am386DXL Microprocessor Instruction Set Summary (continued) 


instruction | 


ARITHMETIC (continued) 


Immediate from Register/Memory 
immediate from Accumulator 
(short form) 


SBB = Subtract with Borrow 
Register from Register 
Register from Memory 
Memory from Register 
immediate from Register/Memory 
immediate from Accumulator 
DEC =Decrement 
Register/Memory 

Register (short form) 

CMP = Compare 

Register with Register 
Memory with Register 
Register with Memory 


Immediate with Register/Memory 


Immediate with Accumulator(short form) 


NEG =Change Sign 

AAA= ASCIi Adjust for Add 
DAA = Decimal Adjust for Add 
AAS = ASCil Adjust for Subtract 


DAS = Decimal Adjust for Subtract 


MUL = Multiply (Unsigned) 
Accumulator with Register/Memory 


Multiplier -Byte 
-Word 
-Doubleword 
IMUL = Integer Multiply (signed) 


Accumulator with Register/‘Memory 


Multiplier -Byte 

-Word 

-Doubleword 
Register with Register/Memory 


Multiplier -Byte 
-Word 
-Doubleword 
Register/Memory with Immediate 
to Register 
-Word 
-Doubleword 





1-314 


Format 


immediate data 


1 0010011w | mod101. #/m 
eee ener ea 


[eeovroaw [ine om 
[ooar iow [mda 
| 100000sw 


| 0001110w | immediate data 


Tarte [esoot om 
[oreo we 
hon Pema 
ererrries mares 
Porters 























immediate data 











immediate data 


0011110w immediate data 
1111011W | mod011 rm 
00110111 | 


00111111 
00100111 


14111011w | mod100 = ¢/m 


mod101 r/m 


1111011w 


00001111 


10101111 


01101081 


Am386DXL Microprocessor 


modreg r/m | immediate data 


Real 
Address 


Mode 


2/7 


2/5 


2/6 


12-17/15-20 
| 12-25/15-28 


12-41/15-44 


12-17/15-20 | 


12-25/15-28 
12-41/18-44 


12-17/15-20 
12-25/15-28 
12-41/15-44 


13-26/14-27 
13-42/14-43 






2/7 


2/5 


2/6 


12-17/15-20 
12-25/15-28 


12-41/15-44 


12-17/15-20 
12-25/15-28 
12-41/15-44 


12-17/15-20 | 


12-25/15-28 
12-41/15-44 


13-26/14-27 


13-42/14-43 | 


|_Clock Count_| Comments 


Address {| Address} Address 


Protected 

Real Virtual 
Mode Mode 

b h 

b h 

b h 

b h 

b h 

b h 

b h 

b h 

b h 
b,d d,h 
b.d d,h 
b,d d,h 
b,d d,h 
b.d d,h 
b,d d,h 
b,d d,h 
bd d,h 
b,d d,h 
b,d d,h 
b,d d,h 


anarchist enc OP STEN ONT, ENT BE PLEADED cpio ta inten seiivinns wig owen po 


Table 23. AmM386DXL Microprocessor Instruction Set Summary (continued) 
| Clock Count_| Comments 


































































amo we 





Protected 
Virtual 
Address} Address 
instruction Format Mode 
ARITHMETIC (continued) 
DIV = Divide (Unsigned) 

Divisor -Byte 14/17 14/17 b,e e,h 
-Word 22/25 22/25 b,e e,h 
-Doubleword 38/41 38/41 b,e e,h 

IDIV = Integer Divide (Signed) 
Acura ReMi 

Divisor -Byte 19/22 19/22 b,e e,h 
-Word 27/30 27/30 b,e e,h 
-Doubleword 43/46 43/46 b,e e,h 

AAD =ASCIl Adjust for Divide 11010101 | 00001010 19 19 
AAM = ASCil Adjust for Multiply 11010100 00001010 17 17 
CBW =Convert Byte to Word 10011000 3 3 
CWD =Convert Word to 10011001 2 2 
Double Word 
LOGIC 
Shift/Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 
eum ie ed a 
Register Memory by Immediate Count} 1100000w immediate 8-bit data 3/7 3/7 b h 
Through Carry (RCL and RCR) 
Register/Memory by 1 1101000w 9/10 9/10 b h 
Register/Memory by Immediate Count] 1100000w immediate 8-bit data 9/10 9/10 b h 
TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 
SHLD = Shift Left Double 
Register/Memory by immediate 00001111 10100100 inmediate 8-bit data 3/7 3/7 
Register/Memory by CL 00001111 110100101 3/7 3/7 
SHRD = Shift Right Double 
Register/Memory by Immediate 00001111 |10101100 immediate 8-bit data 37 3/7 
Register/Memory by CL 00001111 f10401101 | modreg rim | 3/7 3/7 
AND = And 
Register to Register 001000dw 2 2 
Register to Memory 0010000w 7 7 b h 
Memory to Register 0010001w 6 6 b h 
immediate to Register/Memory 1000000w immediate data 27 2/7 b h 
Immediate to Accumulator (shor form) | 0010010w immediate data 2 2 
TEST = And Function to Flags, no Result 
Register/Memory and Register 1000010w 2/5 2/5 b h 
Immediate Data and Register/Memory P1101 | mod000 = r/m | immediate data 2/5 2/5 b h 
Immediate Data and Accumulator 1010100w_ | immediate data 2 2 
(short form) 
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Table 23. 


Instruction 

LOGIC (continued) 

OR = Or 

Register to Register 

Register to Memory 

Memory to Register 

Immediate and Register/Memory 
immediate to Accumulator (short form) 
XOR = Exclusive or 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 


Immediate to Accumulator (short form) 


NOT =Invert Register/Memory 
STRING MANIPULATION 

CMPS = Compare Byte/Word 

INS = Input Byte/Wd from DX Port 
LODS = Load Byte/Wd to AL/AX 
MOVS = Move Byte/Word 

OUTS = Output Byte/Wd to DX Port 
SCAS = Scan Byte/Word 

STOS = Store Byte/Word from AL/AX/EX 


XLAT = Translate String 


Am386DXL Microprocessor Instruction Set Summary (continued) 


| _ClockCount_| Comments 


Protected 






















Real Real Virtual 
Address Address} Address 
Format Mode Mode | Mode 
2 | 2 
7 | 7 fol or 
immediate data 2/7 2/7 b h 
immediate data 2 2 
2 | 2 
immediate data 217 a7 | »b h 
immediate data 2 2 





1111011Ww mod 01 0Or/m 2/6 2/6 b h 


Clock Count 

Virtual 8086 
H1o10011W Mode 10 10 b h 
290 15 9°/29°° b h,m 
p28 14 8/28" |b h,m 


REPEATED STRING MANIPULATION Repeated by Count in CX or ECX 


REPE CMPS =Compare string 
(Find Non-Match) 

REPNE CMPS =Compare String 
(Find Match) 


REP INS =Input String 
REP LODS = Load String 
REP MOVS = Move String 
REP OUTS = Output String 


REPE SCAS =Scan String 
(Find Non-AL/AX/EAX) 


REPNE SCAS =Store String 
(Find AVAX/EAX) 


REP STOS = Store String 


BIT MANIPULATION 
BSF = Scan Bit Forward 


BSR =Scan Bit Reverse 


11110011 1010011WwW 5+9n 5+9n b h 
Clock Count 












Virtual 8086 
Tit110010 | 1010011W Mode | Sen | sen | bv | oh 
11110010 0110110WwW 28 + 6nd 14+6n 8+6n°*/ b h,m 
28 +6n*° 


5+6n 5+6n b h 


NUL 
} 11110010 | 1010010w 844n | 8+4n | b h 
26 +5n** 















1010101Ww 5+5n 5+5n b h 
00001111 10111100 114+3n 114+3n b h 





* if CPLSIOPL ** If CPL > IOPL 


0 Clock count shown applies if /O permission allows V/O to the port in Virtual 8086 Mode. If I/O bit map denies 
permission, Exception 13 fault occurs; refer to clock counts for INT 3 instruction. 
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Table 23. AmM386DXL Microprocessor Instruction Set Summary (continued) 
| Clock Count | Comments 


Protected 
Real Virtual 








Instruction Format Mode Mode | Mode 


BIT MANIPULATION (continued) 


BT = Test Bit 
00001111 }10111010 | mod100 vm immediate 8-bit data | 3/6 3/6 b h 








Register/Memory, Immediate 




















Register/Memory, Register 00001111 110100011 3/12 3/12 b h 
BTC = Test Bit and Complement 
Register/Memory, immediate 00001111 10111010 immediate 8-bit data | 6/8 6/8 b h 
Register/Memory, Register 00001111 p10411011 | modreg rim | 6/13 6/13 b | h 
BTR = Test Bit and Reset 
Register/Memory, Immediate 00001111 p10111040 | mod110 rim immediate 8-bit data | 6/8 6/8 b h 
Register/Memory, Register 00001111 6/13 6/13 b h 
BTS = Test Bit and Set 
Register/Memory, Immediate immediate 8-bitdata | 6/8 6/8 | »b h 
Register/Memory, Register 00001111 }10101011 | modreg rm | 6/13 6/13 b h 
CONTROL TRANSFER 
CALL = Call 
Direct Within Segment 11101000 full displacement 7+m 7+m b r 
Indirect Within Segment 10+m 104m 
Direct Intersegment unsigned full offset, selector 17+m 34+m b j,k, r 
Protected Mode Only (Direct Intersegment) 
Via Call Gate to Same Privilege Level 52+m h, j,k, f 
Via Call Gate to Different Privilege Level, (No Parameters) 86 +m hj, kr 
Via Call Gate to Different Privilege Level, (x Parameters) 044+4x+m h,j,k,r 
From 80286 Task to 80286 TSS 273 h,j, kr 
From 80286 Task to AmM386DXL CPU TSS 298 h,j,k,r 
From 80286 Task to Virtual 8086 Task (Am386DXL CPU TSS) 218 h, j,k, 
From Am386DXL CPU Task to 80286 TSS 273 h,j,k,r 
From Am386DXL CPU Task to Am386DXL CPU TSS 300 h, j,k, 
From Am386DXL CPU Task to Virtual 8086 Task (Am386DXL CPU TSS) 218 h, j,k, r 


Indirect Intersegment 11111111 mod011 = r/m 22+m 38 +m b h, j,k, ¢ 


Protected Mode Only (Indirect Intersegment) 







Via Call Gate to Same Privilege Level 56+m hj kr 
Via Call Gate to Different Privilege Level (No Parameters) 90+m h,j, k,¢ 
Via Call Gate to Different Privilege Level (x Parameters) 98+4x+m h,j, k,r 
From 80286 Task to 80286 TSS 278 h, j,k, r 
From 80286 Task to Am386DXL CPU TSS 303 h,j,k,r 
From 80286 Task to Virtual 8086 Task (Am386DXL CPU TSS) 222 h, j,k, ¢ 
From Am386DXL CPU Task to 80286 TSS 278 h,j, k,r 
From Am386DXL CPU Task to Am386DXL CPU TSS 305 Hel Ker 
From Am386DXL CPU Task to Virtual 8086 Task (Am386DXL CPU TSS) 222 h, j,k, 

JMP = Unconditional Jump 

Short 11101011 8-bit displacement 7+m 7+m r 

Direct within Segment p11101001 full displacement 7+m 7+m r 
Indirect within Segment 10+m 10+m 





Direct Intersegment 11101010 unsigned full offset, selector 12+m 27+m j,k,r 





Am386DXL Microprocessor 1-317 


one cayenne ae 


A wo 





Table 23. Am386DXL Microprocessor Instruction Set Summary (continued) 


Instruction Format 


CONTROL TRANSFER (continued) 


Protected Mode Only (Direct Intersegment) 


Via Call Gate to Same Privilege Level 

From 80286 Task to 80286 TSS 

From 80286 Task to Am386DXL CPU TSS 

From 80286 Task to Virtual 8086 Task (Am386DXL CPU TSS) 

From Am386DXL CPU Task to 80286 TSS 

From Am386DXL CPU Task to Am386DXL CPU TSS 

From Am386DXL CPU Task to Virtual 8086 Task (Am386DXL CPU TSS) 


Indirect Intersegment aattaty mod101 = rm 


Protected Mode Only (indirect intersegment) 


Via Call Gate to Same Privilege Level 

From 80286 Task to 80286 TSS 

From 80286 Task to Am386DXL CPU TSS 

From 80286 Task to Virtual 8086 Task (Am386DXL CPU TSS) 

From Am386DXL CPU Task to 80286 TSS 

From Am386DXL CPU Task to Am386DXL CPU TSS 

From Am386DXL CPU Task to Virtual 8086 Task (Am386DXL CPU TSS) 


11000011 
14000010 
11001010 16-bit displacement 


Protected Mode Only (RET) to Different Prilege Level 


Intersegment 
Intersegment Adding Immediate to SP 


RET = Return from CALL 












Within Segment 
Within Seg. Adding Immediate to SP 





Intersegment 





intersegment Adding Immediate to SP 


CONDITIONAL JUMPS (Note: Times are Jump “Taken or Not Taken”) 


JO =Jump on Overfiow 
01110000 
00001111 10000000 


01110001 
00001111 |10000001 


JB/JNAE = Jump on Below/Not Above or Equal 


00001111 10000010 


JNB/JAE = Jump on Not Below/Above or Equal 


or reo) [arama 
00001111 10000011 


01410100 
00001111 |10000100 


JNE/JNZ = Jump on Not Equal/Not Zero 


ovo t01 [eta 
00001111 10000101 


JBE/JNA = Jump on Below or Equal/Not Above 


00001111 10000110 















8 -bit Displacement 


Full Displacement full displacement 






JNO =Jump on Not Overfiow 
8 -bit Displacement 


Full Displacement full displacement 






8 -bit Displacement 


Full Displacement full displacement 






8 -bit Displacement 


Full Displacement full displacement 






JE/JZ=Jump on Equal/ Zero 
8 -bit Displacement 


Full Displacement full displacement 






8 -bit Displacement 


Full Displacement full displacement 






8 -bit Displacement 


Full Displacement full displacement 
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303 
221 


17+m 


225 


10+m 
10+m 
18+m 


18+m 


7+m or3 


7+m or3 


7+m or 3 


7+m or 3 


7+m or 3 


7+mor3 


7+m or 3 


7+m or3 


7+m or 3 


7+m or3 


7+m or 3 


7+mor3 


7+M oF 3 


7+m or3 





45+m 
274 
301 
219 
270 


314+m 


49+m 
279 


223 
275 


10+m 
10+m 
32+m 
32+m 


69 


7+m or3 


7+m or3 


7+m or3 


7+m or 3 


7+m or 3 


7+m or 3 


7+m or 3 


7+m or3 


7+m or3 


7+m or 3 


7+m or3 


7+m or3 


7+m or3 


7+mor3 


Comments 


io Lom Ss Co 


Protected 
Virtual 
Address 


Mode 


h, jk, ¢ 


ee ee 
See's, tomes Cane Comms tome: 
Lo i ol oe 
ioe ie Sten Se S| 


g.h,r 
g,h,r 
g,h,j,k,r 
g,h,j,k,r 
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| Clock Count | Comments 
Protected 
Real Real Virtual 
Address | | Address | Address 
instruction Format Mode Mode | Mode 
CONDITIONAL JUMPS (continued) 
JNBE/JA = Jump on Not Below or Equal/Above 
8 -bit Displacement 7+mor3 | 7+mor3 r 
Full Displacement full displacement | 7+m or 3 | 7+m or 3 r 
JS = Jump on Sign | | 
8 -bit Displacement }01 114000 | 8-bit dispiacsment | | 7+mor3 | 7+mor 3] r 
Full Displacement full displacement 7+m or 3 | 7+m or 3 i 
JNS = Jump on Not Sign 
8 -bit Displacement }01111001 | 8-bit deptacoment | 74m or3 |7+mor3 r 
Full Displacement fooo01111 [10001001 | full displacement 7+mor3 | 7+mor3 | r 
JP/JPE = Jump on Parity/Parity Even 
8 -bit Displacement | 7+mor3 | 7+mor3 r 
Full Displacement full displacement | 7+m or3 | 7+mor3{ r 
JNP/JPO = Jump on Not Parity/Parity Odd 
8 -bit Displacement | 7+m or 3 | 7+m or 3} r 
Full Displacement foooo1111 [10001011 | full displacement 7+mor3 | 7+mor3 r 
JL/JNGE = Jump on Less/Not Greater or Equal | _ 
8 -bit Displacement }01111100 | 8-bit displacement | 7+m or 3 | 74m or 3 r 
Full Displacement full displacement | 74m or3 | 7+mor3 r 
JNL/JGE = Jump on Not Less/Greater or Equal | | 
8-bit Displacement fo1111101 | 8-bit deplacomont 7+m or 3 | 7+m or 3] r 
Full Displacement foooor1s11 [10001101 — full displacement 74m or 3 | 74m or 3] r 
JLE/JNG = Jump on Less or Equal/Not Greater - _ | 
8 -bit Displacement f01111110  [8-bit displacement | 7+mor3 | 7+mor3 r 
Full Displacement foooorsss [10001110 full displacement 7+mor3 | 7+m or 3| r 
JNLE/JG = Jump on Not Less or Equai/Greater | 
8 -bit Displacement 7+mor3 | 7+mor3 | r 
Full Displacement Joooor1s1 froooitsd | full displacement | 7+mor3 | 7+mor 3] r 
JCXZ = Jump on CX Zero * 9+m or 5 | 9+mor5 r 
JECXZ = Jump on ECX Zero * | 94m or5 | 9+mor5 
LOOP = Loop CX Times 144m | t14m 
LOOPZ/LOOPE =Loop with Zero/Equal |1 1100001  |8-bit deplacerent | 114m | tt+m 
LOOPNZ/LOOPNE=Loop while Not Zero [11100000 [@-bitdepizcement | 444m | tt4m 
CONDITIONAL BYTE SET (Note: Times are Register/Memory) 
SETO=Set Byte on Overflow 
To Register/Memory 0000111 1 [10010000 [modooo wm | 4/5 4/5 h 
SETNO= Set Byte on Not Overfiow | | 
To Register/Memory foo001111 {10010001 | | modoo0 rm | 4/5 4/5 h 
SETB/SETNAE = Set Byte on Below/Not Above or Equal | 
To Register/Memory fo0001111 [10010010 |modooo sm | 4/5 4/5 h 
* Address Size Prefix Differentiates JCXZ from JECXZ. 
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Table 23. AmM386DXL Microprocessor Instruction Set Summary (continued) 


Clock Count Comments 








Protected 
Real Virtual 
Address | Address | Address 
Instruction Format Mode | Mode 
CONDITIONAL BYTE SET (continued) 
SETNB =Set Byte on Not Below/Above or Equal 
To Register/Memory 4/5 4/5 h 
SETE/SETZ =Set Byte on Equal/Zero 
To Register/Memory 4/5 4/5 h 
SETNE/SETNZ =Set Byte on Not Equal/Not Zero 
To Register/Memory 4/5 4/5 h 
SETBE/SETNA =Set Byde on Below or Equal/Not Above 
To Register/Memory 4/5 4/5 | h 
SETNBE/SETA = Set Byte on Not Below or Equal/Above 
To Register/Memory 4/5 4/5 h 
SETS =Set Byte on Sign 
To Register/Memory 45 | 4/5 h 
SETNS = Set Byte on Not Sign 
To Register/Memory 4/5 4/5 h 
SETP/SETPE = Set Byte on Parity/Parity Even 
To Register/Memory 4/5 4/5 | h 
SETNP/SETPO= Set Byte on Not Parity/Parity Odd 
To Register/Memory 4/5 4/5 h 
SETL/SETNGE = Set Byte on Less/Not Greater or Equal 
To Register/Memory 4/5 4/5 h 
SETNL/SETGE = Set Byte on Not Less/Greater or Equal | 
To Register/Memory Foooo1111 [orsii101 | | 4/5 4/5 h 
SETLE/SETNG = Set Byte on Less or Equal/Not Greater 
To Register/Memory 4/5 as | h 
SETNLE/SETG = Set Byte on Not Less or Equal/Greater 
To Register/Memory 00001111 mod000 rm 4/5 4/5 h 
ENTER =Enter Procedure 11001000 16-bit displacement, 8-bit level 
L=0 ; 10 10 b h 
L=1 12 12 b h 
L>1 15+4(n—1) | 15+4(n—1)] Db h 


LEAVE = Leave Procedure 11001001 4 4 b h 


INTERRUPT INSTRUCTIONS 







INT = interrupt: 
Type Specified [isoorso1 | ype 37 b 
Type 3 11001100 33 b 
INTO =Interrupt 4 if Overfiow Flag Set |} 11001110 
If OF =1 35 b,e 
If OF =O 3 3 b,e 
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Table 23. AmM386DXL Microprocessor Instruction Set Summary (continued) 











| Clock Count | Comments 
Pr a Protected 
Real Virtual 
Address | Address| Address 
Instruction Format Mode | Mode 
INTERRUPT INSTRUCTIONS (continued) 
Bound = Interrupt 5 if Detect 
Vaiue Out of Range 
If Out of Range 44 be fe ghijke 
If in Range 10 10 b,e |.eg,hj.kr 
Protected Mode Only (INT) 
INT: Type Specified 
Via Interrupt or Trap Gate to Same Privilege Level 59 g, j,k, 
Via Interrupt or Trap Gate to Different Privilege Level 99 9,j, kr 
From 80286 Task to 80286 TSS via Task Gate 282 g,j,k,r 
From 80286 Task to Am386DXL CPU TSS via Task Gate 309 g,j,k,r 
From 80286 Task to Virtual 8086 Mode via Task Gate 226 9,j, kr 
From Am386DXL CPU Task to 80286 TSS via Task Gate 284 g,j,k,r 
From Am386DXL CPU Task to Am386DXL CPU TSS via Task Gate 311 g,j, kr 
From Am386DXL CPU Task to Virtual 8086 Mode via Task Gate 228 g.j, kr 
From Virtual 8086 Mode to 80286 TSS via Task Gate 289 g,j,k,r 
From Virtual 8086 Mode to Am386DXL CPU TSS via Task Gate 316 g, j,k, ¢ 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate 119 g,j, kr 
INT: Type 3 
Via Interrupt or Trap Gate to Same Privilege Level 59 g,j, kr 
Via Interrupt or Trap Gate to Different Privilege Level 99 g,j, k,¢ 
From 80286 Task to 80286 TSS via Task Gate 278 g,j,k,r 
From 80286 Task to Am386DXL CPU TSS via Task Gate 305 g,j, kr 
From 80286 Task to Virtual 8086 Mode via Task Gate 222 g,j. kr 
From Am386DXL CPU Task to 80286 TSS via Task Gate 280 g,j,k,r 
From Am386DXL CPU Task to Am386DXL CPU TSS via Task Gate 307 g,j, kr 
From Am386DXL CPU Task to Virtual 8086 Mode via Task Gate 224 qg,j,k,r 
From Virtual 8086 Mode to 80286 TSS via Task Gate 285 g,j, k,r 
From Virtual 8086 Mode to Am386DXL CPU TSS via Task Gate 312 gj, k,r 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate 119 g,j, kr 
INTO 
Via Interrupt or Trap Gate to Same Privilege Level 59 g,j,k,r 
Via Interrupt or Trap Gate to Different Privilege Level 99 9,j, kr 
From 80286 Task to 80286 TSS via Task Gate 280 g,j,k,r 
From 80286 Task to Am386DXL CPU TSS via Task Gate 307 g,j,k,r 
From 80286 Task to Virtual 8086 Mode via Task Gate 224 g,j, kr 
From Am386DXL CPU Task to 80286 TSS via Task Gate 282 g.j,k,r 
From Am386DXL CPU Task to Am386DXL CPU TSS via Task Gate 309 9.j, kr 
From Am386DXL CPU Task to Virtual 8086 Mode via Task Gate 225 9,j, kr 
From Virtual 8086 Mode to 80286 TSS via Task Gate 287 g,j,k,r 
From Virtual 8086 Mode to Am386DXL CPU TSS via Task Gate 314 g,j,k,r 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate 119 g,j,k,r 
BOUND 
Via Interrupt or Trap Gate to Same Privilege Level 59 9.j,k,r 
Via Interrupt or Trap Gate to Different Privilege Level 99 g,j,k,r 
From 80286 Task to 80286 TSS via Task Gate 254 g,j, kr 
From 80286 Task to Am386DXL CPU TSS via Task Gate 284 g,j, kr 
From 80286 Task to Virtual 8086 Mode via Task Gate 231 g,j, kr 
From Am386DXL CPU Task to 80286 TSS via Task Gate 264 g,j. k, r 
From Am386DXL CPU Task to Am386DXL CPU TSS via Task Gate 294 g.j,k,r 
From Am386DXL CPU Task to Virtual 8086 Mode via Task Gate 243 gj, k,¢ 
From Virtual 8086 Mode to 80286 TSS via Task Gate 264 g,j, kr 
From Virtual 8086 Mode to Am386DXL CPU TSS via Task Gate 294 g,j. kr 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate 119 g,j,k,r 
INTERRUPT RETURN 
IRET =Interrupt Return 22 g.h,j,k,r 
Protected Mode Oniy (IRET) 
To the Same Privilege Level (within Task) 38 g,h,j, k,r 
To Different Privilege Level (within Task) 82 g,h,j,k,r 
From 80286 Task to 80286 TSS 232 h,j, kr 
From 80286 Task to Am386DXL CPU TSS 265 h, j,k, r 
From 80286 Task to Virtual 8086 Task 213 h, j,k, 
From 80286 Task to Virtual 8086 Mode (within Task) 60 
From Am386DXL CPU Task to 80286 TSS 271 h,j,k,r 
From Am386DXL CPU Task to Am386DXL CPU TSS 275 h, j,k, ¢ 
From Am386DXL CPU Task to Virtual 8086 Task 223 h, j,k, 
From Am386DXL CPU Task to Virtual 8086 Mode (within Task) 60 
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Table 23. Am386DXL Microprocessor Instruction Set Summary (continued) 


[Glock Count | Comments 


| Protected 
Real Virtual 





instruction Format 
PROCESSOR CONTROL 


MOV = Move to and From Control/Debug/Test Registers 


Mode Mode 










CRO/CR2/CR3 from register 11745 | 1174/5 | 
Register From CR9-0 We | 
DRS_0 From Repister 2 | 2 | 
DR7-6 From Register 16 16 | 
Register from DR7-6 14 14 | 
Repister from DRS-0 2 | 2 i 
TR7-6 from Register 12 | 12 | 
Register from TR7-6 12 12 | | 
NOP = No Operation } 3 3 

WAIT = Wait untit BUSY 7 7 

pin is negated 


NOP = No Operation 10010000 3 3 


PROCESSOR EXTENSION INSTRUCTIONS—See coprocessor datasheets 


Processor Extension Escape 11011TTT [| modLLL rm h 


TTT and LLL bits are op-code information for coprocessor 







PREFIX BYTES 

Address Size Prefix 0 0 

LOCK = Bus Lock Prefix 0 0 m 

Operand Size Prefix 0 0 

Segment Override Prefix 
cs: 0 | 9 
Ds: poosit110 | 0 | 0 
ES: 00100110 | 0 | 0 
FS 0 | 0 
os 0 | 0 
ss: 0 | 0 

PROTECTION CONTROL 


ARPL= Adjust Requested Privilege Level 


From Register/Memory 01100011 N/A 20/21 a h 


LAR = Load Access Rights 


From Register/Memory 00001111 00000010 mod reg r/m N/A 15/16 a g,h,j, p 
LGDT = Load Global Descriptor 


Table Register 00001111 00000001 mod010 = ¢/m 14 11 b,c hl 


LIDT = Load Interrupt Descriptor 


Table Register 00001111 | 00000001 mod0Q11 = r/m 11 11 b,c h,! 
LLOT = Load Local Descriptor 


Table Register to Register/Memory 00001111 


00000000 | mod010 tm N/A 2024 | a | g,hj,! 


LMSW = Load Machine Status Word 


From Register/Memory 00001111 00000001 mod110 f/m 11/14 11/14 bec } hl 
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Table 23. AM386DXL Microprocessor Instruction Set Summary (continued) 








| Clock Count_| Comments 









Protected 
Real Real Virtual 
| Address j Address | Address} Address 
Instruction Format Mode Mode | Mode 
PROTECTION CONTROL (continued) 
LSL = Load Segment Limit 
From Register/Memory 00001111 00000011 
Byte-Granular Limit g,h,j,p 
Page-Granular Limit g,h,j,p 
LTR =Load Task Register 
From Register/Memory 100001111 |00000000 | mod 001 im | g,h, i! 
SGDT = Store Giobal Descriptor 
Table Register 00001111 00000001 mod000 r/m h 
SIDT = Store Interrupt Descriptor 
Table Register 00001111 |00000001 h 
SLDT = Store Local Descriptor Tabie Register 
To Register/Memory 00001111 00000000 mod000 ‘r/m h 
SMSW = Store Machine Status Word; 00001111 00000001 mod100 f/m h, | 
STR = Store Task Register | 
VERR = Verify Read Access 
Register/Memory 00001111 |00000000 | mod 1.00. sm | lg.hj.p 
VERW= Verify Write Access 00001111 |00000000 9,h,j. p 





Instruction Notes for Table 23. 


Notes a through c apply to Am386DXL CPU Real Address Mode 
only. 


a. This is a Protected Mode instruction. Attempted execution in Real 
Mode will result in Exception 6 (Invalid op-code). 


b. Exception 13 fault (General Protection) will occur in Real Mode if 
an operand reference is made that partially or fully extends beyond 
the maximum CS, DS, ES, FS, or GS limit, FFFFH. Exception 12 
(fault stack segment limit violation or not present) will occur in Real 
Mode if an operand reference is made that partially or fully extends 
beyond the maximum SS limit. 


c. This instruction may be executed in Real Mode. In Real Mode, its 
purpose is primarily to initialize the CPU for Protected Mode. 


Notes d through g apply to Am386DXL CPU Real Address Mode 
and Am386DXL CPU Protected Virtual Address Mode. 


d. The Am386DXL CPU uses an early-out multiply algorithm. The 
actual number of clocks depends on the position of the most 
significant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual 
clocks use the following formula: 

Actual Clock = if m < >0 then max ([loge |m|], 3) + b clocks: if m=0 
then 3 +b clocks 

In this formula, mis the multiplier, and 

b=9 for register to register, 

b= 12 for memory to register, 

b= 10 for register with immediate to register, 

b=11 for memory with immediate to register. 


e. An Exception may occur, depending on the value of the operand. 


t. LOCK is automatically asserted, regardless of the presence or 
absence of the LOCK prefix. 


g. LOCK is asserted during descriptor table accesses. 





Notes h through r apply to Am386DXL CPU Protected Virtual Ad- 
dress Mode only. 


h. Exception 13 fault (General Protection Violation) will occur if the 
memory operand in CS, DS, ES, FS, or GS cannot be used due to 
either a segment limit violation or access rights violation. If a stack 
limit is violated, an Exception 12 (Stack Segment Limit Violation or 
Not Present) occurs. 


i. For segment load operations, the CPL, RPL, and DPL must agree 
with the privilege rules to avoid an Exception 13 fault (General 
Protection Violation). The segment's descriptor must indicate 
present or Exception 11 (CS, DS, ES, FS, GS Not Present). If the 
SS register is loaded and a stack segment not present is detected, 
an Exception 12 (Stack Segment Limit Violation or Not Present) 
occurs. 


j. All segment descriptor accesses in the GDT or LDT made by this 


instruction will automatically assert COCK to maintain descriptor 
integrity in multiprocessor systems. 


k. JMP, CALL, INT, RET, and IRET instructions referring to another 
code segment will cause an Exception 13 (General Protection 
Violation) is an applicable privilege rule is violated. 


|. An Exception 13 fault occurs if CPL is greater than 0 (0 is the most 
privileged level). 

m. An Exception 13 fault occurs if CPL is greater than IOPL. 

n. The IF bit of the flag register is not updated if CPL is greater than 


IOPL. The IOPL and VM fields of the flag register are updated only 
if CPL=0. 

o. The PE bit of the MSW (CRO) cannot be reset by this instruction. 
Use MOV into CRO if desiring to reset the PE bit. 


p. Any violation of privilege rules as applied to the selector operand 
does not cause a protection Exception; rather, the zero flag is 
cleared. 
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q. If the coprocessor’s memory operand violates a segment limit or 
segment access rights, an Exception 13 fault (General Protection 
Exception) will occur before the ESC instruction is executed. An 
Exception 12 fault (Stack Segment Limit Violation or Not Present) 
will occur if the stack limit is violated by the operand's starting 
address. 


r. The destination of a JMP, CALL, INT, RET, or IRET must be in the 
defined limit of a code segment or an Exception 13 fault (General 
Protection Violation) will occur. 


Instruction Encoding 
Overview 


All instruction encodings are subsets of the general in- 
struction format shown in Figure 83. Instructions consist 
of one or two primary op-code bytes, possibly an ad- 
dress specifier consisting of the mod r/m byte and 
scaled index byte, a displacement if required, and anim- 
mediate data field if required. 


Within the primary op-code or op-codes, smaller encod- 
ing fields may be defined. These fields vary according to 
the class of operation. The fields define such informa- 
tion as direction of the operation, size of the displace- 
ments, register encoding, or sign extension. 


Almost all instructions referring to an operand in mem- 
ory have an addressing mode byte following the primary 
op-code byte(s). This byte, the mod r/m byte, specifies 
the address mode to be used. Certain encodings of the 
mod r/m byte indicate a second addressing byte, the 
scale-index-base byte, follows the mod r/m byte to fully 
specify the addressing mode. 


Addressing modes can include a displacement immedi- 
ately following the mod r/m byte, or scaled index byte. If 
a displacement is present, the possible sizes are 8, 16, 
Or 32 bits. 


If the instruction specifies an immediate operand, the 
immediate operand follows any displacement bytes. 
The immediate operand, if specified, is always the last 
field of instruction. 


Figure 83 illustrates several of the fields that can appear 
in an instruction, such as the mod field and the r/m field, 
but the Figure does not show all fields. Several smaller 
fields also appear in certain instructions, sometimes 


within the op-code bytes themselves. Table 24 is acom- 
plete list of all fields appearing in the AmM386DXL micro- 
processor instruction set. Further ahead, following Ta- 
ble 24, are detailed tables for each field. 


32-Bit Extensions of the Instruction Set 


With the AmM386DXL microprocessor, the 8086/80186/ 
80286 instruction set is extended in two orthogonal 
directions: 32-bit forms of all 16-bit instructions are 
added to support the 32-bit data types, and 32-bit ad- 
dressing modes are made available for all instructions 
referencing memory. This orthogonal instruction set ex- 
tension is accomplished having a Default (D) bit in the 
code segment descriptor, and by having 2 prefixes to 
the instruction set. 


Whether the instruction defaults to operations of 16 or 
32 bits depends on the setting of the D bit in the code 
segment descriptor, which gives the default length 
(either 32 or 16 bits) for both operands and effective ad- 
dresses when executing that code segment. Inthe Real 
Address Mode or Virtual 8086 Mode, no code segment 
descriptors are used, but a D value of 0 is assumed in- 
ternally by the Am386DXL microprocessor when oper- 
ating in those modes (for 16-bit default sizes compatible 
with the 8086/80C 186/80286). 


Two prefixes, the Operand Size Prefix and the Effective 
Address Size Prefix, allow overriding individually the 
Default selection of operand size and effective address 
size. These prefixes may precede any op-code bytes 
and affect only the instruction they precede. If neces- 
sary, one or both of the prefixes may be placed before 
the op-code bytes. The presence of the Operand Size 
Prefix and the Effective Address Prefix will toggle the 
operand size or the effective address size, respectively, 
to the value opposite from the Default setting. For exam- 
ple, if the default operand size is for 32-bit data opera- 
tions, then presence of the Operand Size Prefix toggles 
the instruction to 16-bit data operation. As another 
example, if the default effective address size is 16 bits, 
presence of the Effective Address Size prefix 
toggles the instruction to use 32-bit effective address 
computations. 


TTTTTTTTMITTTTTTT mod TTT r/m| ss_index base | 432|16| 8 | none datag2 | 16 | 8 | none 


7 0 7 
opcode mod r/m 
(one or two bytes) byte 


(T represents an opcode bit) 


ee ie 


register and address 


0765320 765 3 2 0 


mode specifier 


ee eee 
s-i-b address immediate 
byte displacement data 
(4, 2, 1 bytes 
or none) or none) 
15021B-085 


Figure 83. General Instruction Format 
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Table 24. Fields within Am386DXL Microprocessor Instructions 












Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 bits) 
Specifies Direction of Data Operation 

Specifies if an Immediate Data Field must be Sign-Extended 
General Register Specifier 

Address Mode Specifier (Effective Address can be a General Register) 





2 for mod; 
3 for r/m 


2 











Scale Factor for Scaled Index Address Mode 
General Register to be used as Index Register 

General Register to be used as Base Register 

Segment Register Specifier for CS, SS, DS, ES 

Segment Register Specifier for CS, SS, DS, ES, FS, GS 

For Condition Instructions, specifies a Condition Asserted or a Condition Negated 


Note: Table 23 shows encoding of individual instructions. 


These 32-bit extensions are available in all AmM386DXL Encoding of reg Field When w Field 
microprocessor modes, including the Real Address is not Present in Instruction 

Mode or the Virtual 8086 Mode. In these modes the 

default is always 16 bits, so prefixes are needed to Register Selected | Register Selected 
specify 32-bit operands or addresses. For instructions During 16-Bit During 32-Bit 


reg Field Data Operations | Data Operations 


with more than one prefix, the order of prefixes is 
unimportant. 


Unless specified otherwise, instructions with 8- and 
16-bit operands do not affect the contents of the high- 
order bits of the extended registers. 


Encoding of Instruction Fields 


Within the instruction are several fields indicating regis- 
ter selection, addressing mode and so on. The exact en- 
codings of these fields are defined immediately ahead. 


Encoding of Operand Length (w) Field Encoding of reg Field When w Field 
For any given instruction performing a data operation, is Present in Instruction 


the instruction is executing as a 32- or 16-bit operation. Register Specified by reg Field 
During 16-Bit Data Operations 


Within the constraints of the operation size, the w field 
Function of w Field 





encodes the operand size as either one byte or the full 
operation size, as shown in the table below. 





Operand Size Operand Size 
During 16-Bit During 32-Bit 
Data Operations | Data Operations 





Encoding of The General Register (reg) Field 


The general register is specified by the reg field, which 
may appear in the primary op-code bytes, or as the reg 
field of the mod r/m byte, or as the r/m field of the mod 
r/m byte. 
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Register Specified by reg Field 
During 32-Bit Data Operations 


Function of w Field 
reg 
000 













001 
010 


Encoding of The Segment Register (sreg) Field 


The sreg field in certain instructions is a 2-bit field allow- 
ing one of the four 80286 segment registers to be speci- 
fied. The sreg field in other instructions is a 3-bit field, al- 
lowing the AmM386DXL microprocessor FS and GS seg- 
ment registers to be specified. 


2-Bit sreg2 Field 


2-Bit sreg2 Field Segment Register Selected 
ES 








00 
01 CS 
10 SS 


11 DS 





3 Field 
| Segment Register Selected 


3-Bit srec 
3-Bit sreg3 Field 


do not use 
do not use 


Encoding of Address Mode 


Except for special instructions, such as PUSH or POP, 
where the addressing mode is pre-determined, the ad- 
dressing mode for the current instruction is specified by 
addressing bytes following the primary op-code. The 
primary addressing byte is the mod r/m byte, and a sec- 
ond byte of addressing information, the s-i-b (scale-in- 
dex-base) byte, can be specified. 


The s-i-b byte (scale-index-base byte) is specified when 
using 32-bit addressing mode and the mod r/m byte has 
r/m = 100 and mod = 00, 01, or 10. When the sib byte is 
present, the 32-bit addressing mode is a function of the 
mod, ss, index, and base fields. 


The primary addressing byte, the mod r/m byte, also 
contains three bits (shown as TTT in Figure 83) some- 
times used as an extension of the primary op-code. The 
three bits, however, may also be used as a register 
field (reg). 

When calculating an effective address, either 16-bit ad- 
dressing or 32-bit addressing is used. 16-bit addressing 
uses 16-bit address components to calculate the effec- 
tive address while 32-bit addressing uses 32-bit ad- 
dress components to calculate the effective address. 
When 16-bit addressing is used, the mod r/m byte is in- 
terpreted as a 16-bit addressing mode specifier. When 
32-bit addressing is used, the mod r/m byte is inter- 
preted as a 32-bit addressing mode specifier. 


Tables on the following pages define all encodings of all 
16- and 32-bit addressing modes. 





1-326 


Am386DXL Microprocessor 





A A a oan ne ENR cA ce Li En Ea hentai GLEE Rtg fi ify ean hast ht Teel RAAT teane Goons dee a on men 


AMD Pa 


Encoding of 16-Bit Address Mode with mod r/m Byte 


DS:[BX + Sl] 
DS:[BX + Dl] 
SS:[BP + Sl] 
DS:[BP + Di] 
DS{SI] 
DS;[D}] 
DS:d16 
DS:[BX] 


DS:[BX + Sl + d8] 
DS:[BX + DI +d8] 
SS:[BP + Sl + d8] 
SS:[BP + DI + d8] 
DS:[SI + d8] 
DS[DI + d8} 
SS:[BP + d8] 
DS:[BX + d8] 


DS:[BX + SI + d16] 
DS:[BX + DI + d16] 
SS:[BP + Sl + d16] 
SS:[BP + Dl+d16] 
DS{SI + d16] 

DS {DI + d16] 
SS:[BP + d16] 

DS [BX + d16] 


Register— See Below 
Register— See Below 
Register— See Below 
Register— See Below 
Register— See Below 
Register— See Below 
Register— See Below 
Register— See Below 


Register Specified by r/m 
During 16-Bit Data Operations 


Function of w Field 
mod r/m 


Register Specified by r/m 
During 32-Bit Data Operations 


Function of w Field 
i OT 
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Encoding of 32-Bit Address Mode with mod r/m byte 
(No s-i-b Byte Present) 


DS:[EAX] DS:[EAX + d32] 
DS-[ECX] DSECX + d32] 
DS:[EDX] DS:[EDX + d32] 
DS:[EBX] DS[EBX + d32] 
s-i-b is present s-i-b is present 
DS:d32 SS:[EBP + d32] 
DS;ESI] DS:{ESI + d32] 
DS:[EDI] DS:[EDI + d32] 


DS:[EAX + d8] Register— See Below 
DS:[ECX + d8] Register— See Below 
DS:[EDX + d8] Register— See Below 
DS:[EBX + d8]} Register— See Below 
s-i-b is present Register— See Below 
SS:[EBP + d8]} Register— See Below 
DS:[ES! + d8] Register— See Below 
DS:[EDI + d8} Register— See Below 


Register Specified by reg or r/m 
During 16-Bit Data Operations 
Function of w Field 
ee A ae 









Register Specified by reg or r/m 
During 32-Bit Data Operations 


Function of w Field 
mod r/m eho w=0) |  (whenw=1) | 
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Encoding of 32-Bit Address Mode (mod r/m Byte and s-i-b present) 


Effective Address 


DS:[EAX + (scaled index)] 
DS:[ECX + (scaled index)} 
DS:[EDX + (scaled index)] 
DS:[EBX + (scaled index)] 
SS;[ESP + (scaled index)] 
DS:[d32 + (scaled index)] 
DS:(ESI + (scaled index)] 
DS:[EDI + (scaled index)} 


DS:[EAX + (scaled index) + d8] 
DS:[ECX + (scaled index) + d8] 
DS:[EDX + (scaled index) + d8] 
DS:[EBX + (scaled index) + d8] 
SS:[ESP + (scaled index) + d8] 
SS:[EBP + (scaled index) + d8] 
DS:[ESI + (scaled index) + d8] 

DS:{EDI + (scaled index) + d8] 


DS:[EAX + (scaled index) + d32] 
DS:[ECX + (scaled index) + d32]} 
DS:[EDX + (scaled index) + d32] 
DS:[EBX + (scaled index) + d32] 
SS:[ESP + (scaled index) + d32] 
SS:[EBP + (scaled index) + d32] 
DS:[ESI + (scaled index) + d32] 

DS:[EDI + (scaled index) + d32] 


Note: Mod field in mod r/m byte; ss, index, base fields in s-i-b byte. 


Encoding of Operation Direction (d) Fieid 


In many two-operand instructions the d field is present 
to indicate which operand is considered the source and 
which is the destination. 


| ds Direction of Operation 


Register/Memory €— Register 

reg Field indicates Source Operand; 
mod r/m or mod ss index base indicates 
Destination Operand. 


Register <— Register Memory 

reg Field indicates Destination Operand; 

mod r/m or mod ss index base indicates Source 
Operand. 
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00 
01 
10 
11 


EAX 
ECX 
EDX 





EBX 
no index reg (see note) 
EBP 
ESI 
EDI 





Note: When index field is 100, indicating no index register, then ss field 
must equal 00. If index is 100 and ss does not equal 00, the effective 
address is undefined. 


Encoding of Sign-Extend (s) Field 


The s field occurs primarily to instructions with immedi- 
ate data fields. The s field has an effect only if the size of 
the immediate data is 8 bits and is being placed in a 16- 
or 32-bit destination. 


Effect on Effect on 
immediate Data 8 immediate Data 16/32 
Sign-Extended Data 8 to fill 
16-Bit or 32-Bit Destination 
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Encoding of Conditional Test (tttn) Field 


For the conditional instructions (conditional jumps and 
set on condition), tttn is encoded with n indicating to use 
the condition (n=0) or its negation (n=1), and ttt giving 
the condition to test. 


| No Overflow 
Below/Not Above or Equal 
Not Below/Above or Equal 
Equal/Zero 
Not Equal/Not Zero 
Below or Equal/Not Above 
Not Below or Equal/Above 
Sign 
Not Sign 
Parity/Parity Even 
Not Parity/Parity Odd 
Less Than/Not Greater or Equal 
Not Less Than/Greater or Equal 
Less Than or Equal/Not Greater Than 
Not Less Than or Equal/Greater Than 





Encoding of Control or Debug or Test Register 
(eee) Field 


For the loading and storing of the Control, Debug and 
Test registers. 


When Interpreted as Control Register Field 


000 CRO 

010 CR2 

011 CR3 | 
ing. 


Do not use any other encod 









When Interpreted as Debug Register Field 





Do not use any other encoding. 


When interpreted as Test Register Field 


110 TR6 
111 TR7 


Do not use any other encoding. 
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MECHANICAL DATA 


Introduction 


In this section, the physical packaging and its connec- 
tions are described in detail. 


Package Dimensions and Mounting 


The initial AmM386DXL microprocessor package is a 
132-pin ceramic pin grid array (PGA). Pins of this pack- 
age are arranged 0.100 inch (2.54 mm) center-to- 
center, in a 14 x 14 matrix, three rows around. 


A wide variety of available sockets allow low insertion 
force or zero insertion force mountings, and a choice of 
terminals such as soldertail, surface mount, or wire 
wrap. 


Package Thermal Specification 


The AmM386DXL microprocessor is specified for opera- 
tion when ambient temperature is within the range of 
0°C-100°C. The ambient temperature may be meas- 
ured in any environment, to determine whether the 
Am386DXL microprocessor is within specified operat- 
ing range. 


The PGA ambient temperature should be measured at 
the center of the top surface opposite the pins. 


ELECTRICAL DATA 


Introduction 


The following sections describe recommended electri- 
cal connections for the Am386DXL microprocessor and 
its electrical specifications. 


Power and Grounding 
Power Connections 


The Am386DXL CPU is implemented in CS21S technol- 
ogy and has modest power requirements. However, its 
high clock frequency and 72 output buffers (address, 
data, control, and HLDA) can cause power surges as 
multiple output buffers drive new signal levels simulta- 
neously. For clean on-chip power distribution at high 
frequency, 20 Vcc and 21 Vss pins separately feed 
functional units of the AmM3886DXL CPU. 


Power and ground connections must be made to all 
external Vcc and GND pins of the Am386DXL CPU. On 
the circuit board, all Vcc pins must be connected on a 
Vcc plane. All Vss pins must be likewise connected on a 
GND plane. 
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Power Decoupling Recommendations 


Liberal decoupling capacitance should be placed near 
the Am386DXL CPU. The Am386DXL microprocessor 
driving its 32-bit parallel address and data buses at high 
frequencies can cause transient power surges, particu- 
larly when driving large capacitive loads. 


Low inductance capacitors and interconnects are rec- 
ommended for best high frequency electrical perform- 
ance. Inductance can be reduced by shortening circuit 
board traces between the Am386DXL microprocessor 
and decoupling capacitors as much as possible. Ca- 
pacitors specifically for PGA packages are also com- 
mercially available, for the lowest possible inductance. 


Resistor Recommendations 


The ERROR, FLT, and BUSY inputs have resistor 
pullups of approximately 20 Kohms built into the 
Am386DXL CPU to keep these signals negated when 
no 387DX math coprocessor is present in the system (or 
temporarily removed from its socket). The BS16 input 
also has an internal pullup resistor of approximately 
20 Kohms, and the PEREQ input has an internal 
pulldown resistor of approximately 20 Kohms. 


In typical designs, the external pullup resistors are re- 
commended. However, a particular design may have 
reason to adjust the resistor values recommended here, 
or alter the use of pullup resistors in other ways. 


Other Connection Recommendations 


For reliable operation, always connect unused inputs to 
an appropriate signal level. NC pins should always re- 
main unconnected. 


Particularly when not using interrupts or bus hold, (as 
when first prototyping, perhaps) prevent any chance of 
spurious activity by connecting these associated inputs 
to GND. 


Pin Signal 
B7 INTR 
B8 NMI 
D14 HOLD 


If not using address pipelining, pullup D13 NA to Vcc. 
If not using 16-bit size, pullup C14 BS16 to Vcc. 
Pullups in the range of 20 Kohms are recommended. 
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Am386™SXL 


High-Performance, 32-Bit Microprocessor with 16-Bit Data Bus 


DISTINCTIVE CHARACTERISTICS 
m 25- and 20-MHz operating speeds 


m True static design for long battery life in 
portable PCs 


—0 MHz (DC) minimum frequency 
—Typical standby (DC) current < 0.02 mA 


—Typical operating current < 165 mA at 20 MHz 


—Wide range of chip set and BIOS support take 
advantage of standby mode capabilities 


m Lower heat dissipation facilitates elimination of 
cooling fan in desktop PCs 


GENERAL DESCRIPTION 


The Am386SXL microprocessor is a high-speed, true 
static implementation of the Intel iS386SX. It is ideal for 
both desktop and battery-powered notebook personal 
computers. For notebooks, the Am386SXL micropro- 
cessor’s true static design offers longer battery life with 
low operating power consumption and standby mode. 
At 20 MHz, this device offers a current which is 
22% lower than the Intel i886SX. Standby mode allows 
the AmM386SXL CPU to be clocked down to 0 MHz (DC) 
and retain full register contents. Typical current in 
standby mode is reduced to less than 0.02 mA—nearly 
a 1000x reduction in power consumption versus the 
Intel i886SX. 


Worse 
J Am386SXL 
: C:] is86sx 
S 
Ss 
> 
<< 
mA 
a 
= 
Better 


Publication # 15574 Rev. C Amendment 0 
issue Date: December 1991 
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Advanced 
Micro 
Devices 


= Compatible with 386SX systems and software 
Pin-for-pin replacement of the Intel i386SX 


@ Supports 387SX-compatible math 
coprocessors 


w 100-pin PQFP package with optional protective 
ring for better lead coplanarity 


m™ Advanced 0.8 micron CMOS technology 


For desktop PCs, the Am386SXL microprocessor offers 
a 25% increase in the maximum operating speed, from 
20 to 25 MHz. Also, this device offers lower heat dissipa- 
tion, allowing system designers to remove or reduce the 
size and cost of the cooling fan. 


This device will be available in a standard 100-pin 
plastic quad flat pack (PQFP). This package may be 
shipped in an optional protective ring for better lead 
protection during manufacturing. 


Typical Icc 
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BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 
True Static Operation 


The Am386SXL microprocessor incorporates a true 
Static design. Unlike dynamic circuit design, the 
Am386SXL CPU eliminates the minimum operating 
frequency restriction. It may be clocked from its maxi- 
mum speed of 25 MHz all the way down to 0 MHz 
(DC). System designers can use this feature to design 
battery-powered notebook PCs with long battery life. 


Standby Mode 


This true static design allows for a standby mode. At any 
operating speed (25 to 0 MHz), the AmM386SXL micro- 
processor will retain its state (i.e., the contents of all 
its registers). By shutting off the clock completely, the 
device enters standby mode. Since power consumption 
is proportional to clock frequency, operating power 
consumption is reduced as the frequency is lowered. 
In standby mode, typical current draw is reduced to 
less than 0.02 mA at DC. 


Not only does this feature improve battery life, but it also 
simplifies the design of power-conscious notebook 
computers in the following ways: 


1. Eliminates the need for software in the BIOS to save 
and restore the contents of registers. 


2. Allows simpler circuitry to control stopping of the 
Clock since the system does not need to know what 
State the processor is in. 
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Lower Operating Icc 


True static design also allows lower operating Icc when 
operating at any speed. See the following graph for 
typical current at operating speeds. 


400 

350 

300 

250 

mA 200 
150 

100 

50 


0 


0 5 10 15 20 25 


MHz 
—<q Intel CHMOS Il 


—@— Intel CHMOS IV 
—m— Am386SXL CPU 


Performance On Demand 


The Am386SXL microprocessor retains its state at any 
speed from 0 MHz (DC) to its maximum operating 
speed. With this feature, system designers may vary the 
operating speed of the system to extend the battery life 
in portable systems. 


For example, the system could operate at low speeds 
during inactivity or polling operations. However, upon 
interrupt, the system clock can be increased up to its 
maximum speed. After a user-defined time-out period, 
the system can be returned to a low (or 0 MHz) operating 
speed without losing its state. This design maximizes 
battery life while achieving optimal performance. 
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CONNECTION DIAGRAM 
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Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


NG 80386SXL -—20 


Valid Combinations 





80386SXL 


“Contact AMD for 16-MHz availability. 


OPTIONAL PROCESSING 

None = Trimmed and Formed POFP in high-temp trays 
F = Ringed PQFP in horizontal tubes 
S = Ringed POFP in coin-stack tubes 


TEMPERATURE RANGE 
Blank = Commercial (0°C to +100°C) 


SPEED OPTION 
-25 =25 MHz 
—20 = 20 MHz 
-16=16 MHz" 


DEVICE NUMBER/DESCRIPTION 
80386SXL 

Am386SXL High-Performance, Low-Power, 
32-Bit Microprocessor with 16-Bit Data Bus 


PACKAGE TYPE 
NG = 100-Pin Plastic Quad Flat Pack (PQ100, PQB100) 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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PIN DESCRIPTIONS 

A23—A1 

Address Bus (Outputs) 

Outputs physical memory or port I/O addresses. 
ADS 

Address Status (Active Low; Output) 


Indicates that a valid bus cycle definition and address 
(W/R, D/C, M/IO, BHE, BLE, and A23-A1) are being 
driven at the AmM386SXL microprocessor pins. 


BHE, BLE 
Byte Enables (Active Low; Outputs) 


Indicate which data bytes of the data bus take part 
in a bus cycle. 

BUSY 

Busy (Active Low; Input) 

Signals a busy condition from a processor extension. 
CLK2 

CLK2 (Input) 

Provides the fundamental timing for the Am386SXL 
microprocessor. 

D15—D0 

Data Bus (Inputs/Outputs) 


Inputs data during memory, I/O, and _ interrupt 
acknowledge read cycles; outputs data during memory 
and 1/O write cycles. 

D/C 

Data/Control (Output) 


A dus cycle definition pin that distinguishes data cycles, 
either memory or I/O, from control cycles which are: 
interrupt acknowledge, halt, and code fetch. 


ERROR 

Error (Active Low; Input) 

Signals an error condition from a processor extension. 
FLT 

Float (Active Low; Input) 


An input which forces all bi-directional and output 
signals, including HLDA, to the three-state condition. 


HLDA 
Bus Hold Acknowledge (Active High; Output) 


Output indicates that the Am386SXL microprocessor 
has surrendered control of its logical bus to another bus 
master. 
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HOLD 
Bus Hold Request (Active High; Input) 


Input allows another bus master to request control of the 
local bus. 


INTR 
Interrupt Request (Active High; Input) 


A maskablie input that signals the Am386SXL micro- 
processor to suspend execution of the current program 
and execute an interrupt acknowledge function. 


LOCK 
Bus Lock (Active Low; Output) 


A bus cycle definition pin that indicates that other 
system bus masters are not to gain control of the 
system bus while it is active. 


M/IO 

Memory/IO (Output) 

A bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 

NA 

Next Address (Active Low; input) 

Used to request address pipelining. 

NC 

No Connect 


Should always be left unconnected. Connection of a NC 
pin may cause the processor to malfunction or be 
incompatible with future steppings of the AmM386SXL 
microprocessor. 


NMI 
Non-Maskable Interrupt Request 
(Active High; Input) 


A non-maskable input that signals the Am386SXL 
microprocessor to suspend execution of the current 
program and execute an interrupt acknowledge 
function. 


PEREQ 
Processor Extension Request (Active High; Input) 


Indicates that the processor has data to be transferred 
by the Am386SXL microprocessor. 


READY 
Bus Ready (Active Low; Input) 


Terminates the bus cycle. 
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RESET 
Reset (Active High; Input) 


Suspends any operation in progress and places the 
Am386SXL microprocessor in a known reset state. 


Veg 
System Power (Active High; Input) 


Provides the +5 V nominal DC supply input. 
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System Ground (Input) 


Provides the 0 V connection from which all inputs and 
outputs are measured. 

W/R 

Write/Read (Output) 


A bus cycle definition pin that distinguishes write cycles 
from read cycles. 


Am386SXL Microprocessor 


eS re 


INTRODUCTION 


The Am386SXL microprocessor is 100% object-code 
compatible with the Am386DX, 286, and 8086 
microprocessors. System manufacturers can provide 
Am386DX CPU based systems optimized for perform- 
ance and Am386SXL CPU based systems optimized for 
cost, both sharing the same operating systems and 
application software. Systems based onthe Am386SXL 
microprocessor can access the world’s largest existing 
microcomputer software base. Only the Am386DX CPU 
architecture can run UNIX, OS/2, and MS-DOS. 


Instruction pipelining, high-bus bandwidth, and a very 
high-performance ALU ensure short average instruction 
execution times and high system throughput. The 
Am386SXL CPU is capable of execution at sustained 
rates of 2.5—3.0 million instructions per second. 


The integrated Memory Management Unit (MMU) 
includes an address translation cache, advanced multi- 
tasking hardware, and a four-level hardware-enforced 
protection mechanism to support operating systems. 
The virtual machine capability of the Am386SXL CPU 
allows simultaneous execution of applications from 
multiple operating systems such as MS-DOS and UNIX. 


The Am386SXL CPU offers on-chip testability and de- 
bugging features. Four breakpoint registers allow 
conditional or unconditional breakpoint traps on code 
execution or data accesses for powerful debugging of 
even ROM-based systems. Other testability features 
include self-test, three-state of output buffers, and direct 
access to the page translation cache. 


BASE ARCHITECTURE 


The Am386SXL microprocessor consists of a central 
processing unit, a memory management unit, and a bus 
interface. 


The central processing unit consists of the execution 
unit and the instruction unit. The execution unit contains 
the eight 32-bit general purpose registers which are 
used for both address calculation and data operations 
and a 64-bit barrel shifter used to speed shift, rotate, 
multiply, and divide operations. The instruction unit 
decodes the instruction op-codes and stores them in the 
decoded instruction queue for immediate use by the 
execution unit. 


The MMU consists of a segmentation unit and a paging 
unit. Segmentation allows the managing of the logical 
address space by providing an extra addressing 
component, one that allows easy code and data 
relocatability, and efficient sharing. The paging 
mechanism operates beneath and is transparent to the 
segmentation process, to allow management of the 
physical address space. 


The segmentation unit provides four levels of protection 
for isolating and protecting applications and the 
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operating system from each other. The hardware 
enforced protection allows the design of systems with a 
high degree of integrity. 


The Am386SXL microprocessor has two modes of 
operation: Real Address Mode (Real Mode) and 
Protected Virtual Address Mode (Protected Mode). In 
Real Mode the Am386SXL CPU operates as a very 
fast 8086, but with 32-bit extensions, if desired. Real 
Mode is required primarily to set up the processor for 
Protected Mode operation. 


Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 
semantics, thus allowing 8086 software (an application 
program or an entire operating system) to execute. The 
Virtual 8086 tasks can be isolated and protected from 
one another and the host AmM386SXL microprocessor 
operating system by use of paging. 


Finally, to facilitate high-performance system hardware 
designs, the AM386SXL microprocessor bus interface 
offers address pipelining and direct Byte Enable signals 
for each byte of the data bus. 


Register Set 


The Am386SXL microprocessor has 34 registers as 
shown in Figure 1. These registers are grouped into the 
following seven categories: 


General Purpose Registers: The eight 32-bit general 
purpose registers are used to contain arithmetic and 
logical operands. Four of these (EAX, EBX, ECX, and 
EDX) can be used either in their entirety as 32-bit 
registers, aS 16-bit registers, or split into pairs of 
separate 8-bit registers. 


Segment Registers: Six 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 


Flags and Instruction Pointer Registers: The two 
32-bit special purpose registers in Figure 1 record or 
control certain aspects of the Am386SXL micropro- 
cessor state. The EFLAGS register includes status and 
control bits that are used to reflect the outcome of many 
instructions and modify the semantics of some 
instructions. The Instruction Pointer (EIP) is 32-bits 
wide. The EIP controls instruction fetching, and the 
processor automatically increments it after executing an 
instruction. 


Control Registers: The four 32-bit control registers are 
used to control the global nature of the Am3886SXL 
microprocessor. The CRO register contains bits that set 
the different processor modes (Protected, Real, Paging, 
and Coprocessor Emulation). CR2 and CR3 registers 
are used in the paging operation. 
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Figure 1. Am386SXL Microprocessor Registers 
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System Address Registers: These four special regis- 
ters reference the tables or segments supported by 
the 80286/Am386SXL/Am386DX CPU's protection 
model. These tables or segments are: 


GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 


Debug Registers: The six programmer accessible de- 
bug registers provide on-chip support for debugging. 
The use of the debug registers is described in the sec- 
tion Debugging Support. 


Test Registers: Two registers are used to control the 
testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Look-Aside Buffer portion 
of the Am386SXL microprocessor. Their use is dis- 
cussed in the section Testability. 


EFLAGS Register 


The flag register is a 32-bit register named EFLAGS. 
The defined bits and bit fields within EFLAGS, shown in 
Figure 2, control certain operations and indicate the 
status of the Am386SXL microprocessor. The lower 16 
bits (bits 15-0) of EFLAGS contain the 16-bit flag 
register named FLAGS. This is the default flag register 
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I/O Privilege Level 
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used when executing 8086, 80286, or real mode code. 
The functions of the flag bits are given in Table 1. 


Control Registers 


The Am386SXL microprocessor has three control 
registers of 32 bits, CR3-—CRO, to hold the machine 
state of a global nature. These registers are shown in 
Figures 1 and 2. The defined CRO bits are described in 
Table 2. 


Instruction Set 


The instruction set is divided into nine categories of 
operations: 


Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation 

Control Transfer 

High-Level Language Support 
Operating System Support 
Processor Control 


These instructions are listed in the Instruction Set Clock 
Count Summary (pages 1-406 through 1-420). 


Status Flags: 
Overflow 


Sign 

Zero 

Aux Carry 
Parity 
Carry 


Control Flags: 
Trap 


Interrupt 
Direction 
Resume 
Virtual 8086 Mode 
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Protection Enable 
Monitor Coprocessor 


Emulate Coprocessor 
Task Switched 4 


Paging Enable 
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Figure 2. Status and Control Register Bit Functions 
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Table 1. Flag Definitions 


Carry Flag—Set on high-order bit carry or borrow; cleared otherwise. 


Parity Flag—Set if low-order 8 bits of result contain an even number of 1 bits; 
cleared otherwise. 

















Bit Position 
Auxiliary Carry Flag—Set on carry from or borrow to the low-order 4 bits of | 


ae AL; cleared otherwise. 


ae ae eee Zero Flag—Set if result is zero; cleared otherwise. 
ee Sign Flag—Set equal to high-order bit of result (0 if positive, 1 if negative). 


Single-Step Flag—Once set, a single-step interrupt occurs after the next 
instruction executes. TF is cleared by the wa step dla de 














instructions to auto-increment (default) the 


Direction Flag—Causes vib 
when cleared. Setting DF causes auto-decrement. 


appropriate index registers 









Overflow Flag—Set if the operation resulted in a carry/borrow into the sign bit 
(high-order bit) of the result but did not result in a carry/borrow out of the high- 
order bit or vice-versa. 


I/O Privilege Level—indicates the maximum CPL permitted to execute I/O 
instructions without generating an Exception 13 fault or consulting the I/O 
permission bit map while executing in protected mode. For virtual 8086 mode 
it indicates the maximum CPL allowing alteration of the IF bit. 


14 NT Nested Task—lIndicates that the execution of the current task is nested within 
| another task. | 


Resume Flag—Used in conjunction with debug register breakpoints. ti is 
checked at instruction boundaries before breakpoint processing. If set, any 
debug fault is ignored on the next instruction. 


























Virtual 8086 Mode—lIf set while in protected mode, the Am386SXL micro- 
processor will switch to virtual 8086 operation, handling segment loads as 
8086 does, but generating Exception 13 faults on privileged op-codes. 


Protection Mode Enable—Places the Am386SXL microprocessor into pro- 
tected mode. If PE is reset, the processor operates again in Real Mode. PE 
may be set by loading MSW or CRO. PE can be reset only by loading CRO; 
it cannot be reset by the LMSW instruction. 


Emulate Processor Extension—Causes a processor extension Not Present 
exception (number 7) on ESC instructions to allow emulating a processor 
extension. 


Task Switched—Indicates the next instruction using a processor extension will 
cause Exception 7, allowing software to test whether the current processor 
extension context belongs to the current task. 


Paging Enable Bit—lis set to enable the on-chip paging unit. It is reset to 
disable the on-chip paging unit. 
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All Am386SXL microprocessor instructions operate on 
either 0, 1, 2, or 3 operands; an operand resides in a 
register, in the instruction itself, or in memory. Most 
zero operand instructions (e.g., CLI, STI) take only 
one byte. One operand instructions generally are two 
bytes long. The average instruction is 3.2 bytes long. 
Since the AmM386SXL CPU has a 16-byte prefetch 
instruction queue, an average of 5 instructions will 
be prefetched. The use of two operands permits the 
following types of common instructions: 


Register to Register 

Memory to Register 

Immediate to Register 

Memory to Memory 

Register to Memory 

Immediate to Memory 
The operands can be either 8, 16, or 32 bits long. As a 
general rule, when executing code written for the 
Am386SXL microprocessor (32-bit code), operands are 
8 or 32 bits; when executing existing 8086 or 80286 
code (16-bit code), operands are 8 or 16 bits. Prefixes 
can be added to all instructions which override the 
default length of the operands (i.e., use 32-bit operands 
for 16-bit code, or 16-bit operands for 32-bit code). 


Effective Address Calculation 


Base 


1,2,4,8 


Scale 


Displacement | | 
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Memory Organization 


Memory on the Am386SXL microprocessor is divided 
into 8-bit quantities (Bytes), 16-bit quantities (Words), 
and 32-bit quantities (Dwords). Words are stored in two 
consecutive bytes in memory with the low-order byte 
at the lowest address. Dwords are stored in four 
consecutive bytes in memory with the low-order byte at 
the lowest address. The address of a Word or Dword is 
the byte address of the low-order byte. 


In addition to these basic data types, the AmM386SXL 
microprocessor supports two larger units of memory: 
pages and segments. Memory can be divided up into 
one or more variable length segments, which can be 
swapped to disk or shared between programs. Memory 
can also be organized into one or more 4-Kb pages. 
Finally, both segmentation and paging can be 
combined, gaining the advantages of both systems. 
The Am386SXL CPU supports both pages and 
segmentation in order to provide maximum flexibility to 
the system designer. Segmentation and paging are 
complementary. Segmentation is useful for organizing 
memory in logical modules, and, as such, is a tool for the 
application programmer, while pages are useful to the 
system programmer for managing the physical memory 
of a system. 
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Figure 3. Address Translation 
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Address Spaces 


The Am386SXL microprocessor has three types of 
address spaces: logical, linear, and physical. A logical 
address (also known as a virtual address) consists of 
a selector and an offset. A selector is the contents 
of a segment register. An offset is formed by summing 
all of the addressing components (Base, Index, 
Displacement), discussed in the section Addressing 
Modes, into an effective address. This effective 
address, along with the selector, is known as the logical 
address. Since each task on the Am386SXL CPU has 
a maximum of 16K (2"-1) selectors, and offsets can 
be 4 Gb (with paging enabled), this gives a total of 
2“6 bits, or 64 tb, of logical address space per task. 
The programmer sees the logical address space. 


The segmentation unit translates the logical address 
space into a 32-bit linear address space. If the paging 
unit is not enabled then the 32-bit linear address is 
truncated into a 24-bit physical address. The physical 
address is what appears on the address pins. 


The primary differences between Real Mode and 
Protected Mode are how the segmentation unit 
performs the translation of the logical address into the 
linear address, size of the address space, and paging 
Capability. In Real Mode, the segmentation unit shifts 
the selector left four bits and adds the result to the 
effective address to form the linear address. This linear 
address is limited to 1 Mb. in addition, Real Mode has 
no paging capability. 


Protected Mode will see one of two different address 
spaces, depending on whether or not paging is enabled. 
Every selector has a logical base address associated 
with it that can be up to 32 bits in length. This 32-bit 
logical base address is added to the effective address to 
form a final 32-bit linear address. If paging is disabled, 
this final linear address reflects physical memory and is 
truncated so that only the lower 24 bits of this address 
are used to address the 16-Mb memory address space. 
If paging is enabled, this final linear address reflects a 
32-bit address that is translated through the paging unit 
to form a 16-Mb physical address. The logical base 
address is stored in one of two operating system tables 
(i.e., the Local Descriptor Table or Global Descriptor 
Table). 


Figure 3 shows the relationship between the various 
address spaces. 


Segment Register Usage 


The main data structure used to organize memory is the 
segment. On the Am386SXL CPU, segments are 
variable sized blocks of linear addresses which have 
certain attributes associated with them. There are two 
main types of segments, code and data. The segments 
are of variable size and can be as smail as 1 byte or as 
large as 4 Gb (2 bits). 


In order to provide compact instruction encoding and 
increase processor performance, instructions do not 
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need to explicitly specify which segment register is 
used. The segment register is automatically chosen 
according to the rules of Table 3 (Segment Register 
Selection Rules). In general, data references use the 
selector contained in the DS register; stack references 
use the SS register; and, instruction fetches use the CS 
register. The contents of the Instruction Pointer provide 
the offset. Special segment override prefixes allow the 
explicit use of a given segment register, and override the 
implicit rules listed in Table 3. The override prefixes also 
allow the use of the ES, FS, and GS segment registers. 


There are no restrictions regarding the overlapping of 
the base addresses of any segments. Thus, all six 
segments could have the base address set to zero and 
create a system with 4-Gb linear address space. This 
creates a system where the virtual address space is the 
same as the linear address space. Further details of 
segmentation are discussed in the section Protected 
Mode Architecture. 


Addressing Modes 


The Am386SXL microprocessor provides a total of eight 
addressing modes for instructions to specify operands. 
The addressing modes are optimized to allow the 
efficient execution of high-level languages such as C 
and FORTRAN, and they cover the vast majority of data 
references needed by high-level languages. 


Register and Immediate Modes 


Two of the addressing modes provide for instructions 
that operate on register or immediate operands. 


Register Operand Mode: The operand is located in 
one of the 8-, 16-, or 32-bit general registers. 


Immediate Operand Mode: The operand is included in 
the instruction as part of the op-code. 


32-Bit Memory Addressing Modes 


The remaining six modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the 
segment base address and an effective address. The 
effective address is calculated by summing any 
combination of the following three address elements 
(see Figure 3). 


Displacement: an 8-,16-, or 32-bit immediate value, 
following the instruction. 


Base: The contents of any general purpose register. 
The base registers are generally used by compilers to 
point to the start of the local variable area. 


index: The contents of any general purpose register 
except for ESP. The index registers are used to access 
the elements of an array or a string of characters. The 
index register’s value can be multiplied by a scale factor, 
either 1, 2, 4, or 8. The scaled index is especially useful 
for accessing arrays or structures. 
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Table 3. Segment Register Selection Rules 


Type of Memory Reference 


Code Fetch 


Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 


Source of POP, POPA, POPF, 
IRET, RET Instructions 


Destination of STOS, MOVE, REP 
STOS, REP MOVS Instructions 


Other Data References, with 
Effective Address Using Base 
Register of: 

[EAX] 

[EBX] 

[ECX] 

[EDX] 

[ESI] 

[EDI] 

[EBP] 

[ESP] 


Combinations of these three components make up the 
six additional addressing modes. There is no perform- 
ance penalty for using any of these addressing 
combinations, since the effective address calculation is 
pipelined with the execution of other instructions. The 
one exception is the simultaneous use of Base and 
Index components which requires one additional clock. 


As shown in Figure 4, the Effective Address (EA) of 
an operand is calculated according to the following 
formula: 


EA = BaS€pesister + (INDEX peer X SCaling) + Displacement 


1. Direct Mode: The operand’s offset is contained as 
part of the instruction as an 8-, 16-, or 32-bit 
displacement. 


2. Register Indirect Mode: A Base register contains 
the address of the operand. 


3. Based Mode: A Base register’s contents are added 
to a Displacement to form the operand’s offset. 


4. Scaled Index Mode: An Index register’s contents 
are multiplied by a Scaling factor, and the result is 
added to a Displacement to form the operand’s 
offset. 


5. Based Scaled Index Mode: The contents of an 
Index register are multiplied by a Scaling factor, and 
the result is added to the contents of a Base register 
to obtain the operand’s offset. 


6. Based Scaled Index Mode with Displacement: 
The contents of an Index register are multiplied by a 
Scaling factor, and the result is added to the contents 
of a Base register and a Displacement to form the 
operand’s offset. 


Implied (Default) Segment Use 





Segment Override Prefixes Possible 


None 


None 
None 


None 


CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, DS, ES, FS, GS 
CS, DS, ES, FS, GS 


Differences Between 16- and 32-Bit Addresses 


In order to provide software compatibility with the 8086 
and the 80286, the Am386SXL microprocessor can 
execute 16-bit instructions in Real and Protected 
Modes. The processor determines the size of the 
instructions it is executing by examining the D bit ina 
Segment Descriptor. If the D bit is 0, then all operand 
lengths and effective addresses are assumed to be 
16-bits long. If the D bit is 1, then the default length for 
operands and addresses is 32 bits. In Reali Mode the 
default size for operands and addresses is 16 bits. 


Regardless of the default precision of the operands or 
addresses, the AmM386SXL microprocessor is able to 
execute either 16- or 32-bit instructions. This is specified 
through the use of override prefixes. Two prefixes, 
the Operand Length Prefix and the Address Length 
Prefix, override the value of the D bit on an individual 
instruction basis. These prefixes are automatically 
added by assemblers. 


The Operand Length and Address Length Prefixes can 
be applied separately or in combination to any 
instruction. The Address Length Prefix does not allow 
addresses over 64 Kb to be accessed in Real Mode. 
A memory address which exceeds OFFFFH will result 
in a General Protection Fault. An Address Length Prefix 
only allows the use of the additional AM386SXL CPU 
addressing modes. 


When executing 32-bit code, the Am386SXL CPU 
uses either 8- or 32-bit displacements, and any register 
can be used as Base or Index registers. When executing 
16-bit code, the displacements are either 8- or 16-bits, 
and the Base and Index registers conform to the 
80286 model. Table 4 illustrates the differences. 
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Figure 4. Addressing Mode Calculations 


Data Types 

The Am386SXL microprocessor supports all of the data 
types commonly used in high-level languages. 

Bit: A single bit quantity. 


Bit Field: A group of up to 32 contiguous bits, which 
spans a maximum of four bytes. 


Bit String: A set of contiguous bits; on the Am3886SXL 
microprocessor, bit strings can be up to 4 Gbits long. 


Byte: A signed 8-bit quantity. 
Unsigned Byte: An unsigned 8-bit quantity. 
Integer (Word): A signed 16-bit quantity. 


Long Integer (Dword): A signed 32-bit quantity. All 
operations assume a 2’s complement representation. 


Unsigned Integer (Word): An unsigned 16-bit quantity. 


Unsigned Long Integer (Dword): An unsigned 32-bit 
quantity. 


Signed Quad Word: A signed 64-bit quantity. 
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Unsigned Quad Word: An unsigned 64-bit quantity. 


Pointer: A 16- or 32-bit offset-only quantity which 
indirectly references another memory location. 


Long Pointer: A full pointer which consists of a 16-bit 
segment selector and either a 16- or 32-bit offset. 


Char: A byte representation of an ASCII alphanumeric 
or control character. 


String: A contiguous sequence of bytes, Words, or 
Dwords. A string may contain between 1 byte and 4 Gb. 


BCD: A byte (unpacked) representation of decimal 
digits 0-9. 


Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in each nibble. 


When the Am386SXL microprocessor is coupled with 
a 387SX math coprocessor, the following common 
floating point types are supported. 


Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. Floating point numbers are supported 
by 387SX-compatible math coprocessors. 
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Table 4. Base and Index Registers for 16- and 
32-Bit Addresses 


16-Bit 32-Bit 
| Addressing Addressing 









Base Register 
Index Register 


BX, BP 
Sl, Dl 


Any 32-bit GP Register 
Any 32-bit GP Register 
Except ESP 


























None 
0, 8, 16 bits 


Scale Factor 
Displacement 


1,2, 4,8 
0, 8, 32 bits 


Figure 5 illustrates the data types supported by the 
Am386SXL microprocessor and a 387SX-compatible 
math coprocessor. 


/O Space 


The Am386SXL CPU has two distinct physical address 
spaces: physical memory and 1!/O. Generally, peri- 
pherals are placed in {/O space, although the 
Am386SXL CPU also supports memory-mapped peri- 
pherals. The I/O space consists of 64 Kb which can be 
divided into 64K 8-bit ports or 32K 16-bit ports, or any 
combination of ports which add up to no more than 
64 Kb. The 64K I/O address space refers to physical 
addresses rather than linear addresses since I/O 
instructions do not go through the segmentation or 
paging hardware. The M/IO pin acts as an additional 
address line, thus allowing the system designer to easily 
determine which address space the processor is 
accessing. 


The I/O ports are accessed by the In and Out 
instructions, with the port address supplied as an 
immediate 8-bit constant in the instruction or in the DX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The W/O 
instructions cause the M/IO pin to be driven Low. I/O 
port addresses 0OF8H through OOFFH are reserved for 
future use. 


Interrupts and Exceptions 


Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors, 
or report exceptional conditions. The difference be- 
tween interrupts and exceptions is that interrupts are 
used to handle asynchronous external events while 
exceptions handle instruction faults. Although a pro- 
gram can generate a software interrupt via an INT n 
instruction, the processor treats software interrupts as 
exceptions. 


Hardware interrupts occur as the result of an external 
event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the interrupt 
handler is finished servicing the interrupt, execution 
proceeds with the instruction immediately after the 
interrupted instruction. 


Exceptions are classified as faults, traps, or aborts, 
depending on the way they are reported and whether or 





not restart of the instruction causing the exception is 
supported. Faults are exceptions that are detected and 
serviced before the execution of the faulting instruction. 
Traps are exceptions that are reported immediately 
after the execution of the instruction which caused the 
problem. Aborts are exceptions that do not permit the 
precise location of the instruction causing the exception 
to be determined. 


Thus, when an interrupt service routine has been 
completed, execution proceeds from the instruction 
immediately following the interrupted instruction. On the 
other hand, the return address from an exception fault 
routine will always point to the instruction causing the 
exception and will include any leading instruction 
prefixes. Table 5 summarizes the possible interrupts for 
the AmM386SXL microprocessor and shows where the 
return address points to. 


The Am386SXL CPU has the ability to handle up to 
256 different interrupts/exceptions. In order to service 
the interrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. In 
Real Mode, the vectors are 4-byte quantities, a Code 
Segment plus a 16-bit offset; in Protected Mode, 
the interrupt vectors are 8-byte quantities which are 
put in an Interrupt Descriptor Table. Of the 256 possible 
interrupts, 32 are reserved for future use and the re- 
maining 224 are free to be used by the system designer. 


Interrupt Processing 


When an interrupt occurs, the following actions happen. 
First, the current program address and Flags are saved 
on the stack to allow resumption of the interrupted 
program. Next, an 8-bit vector is supplied to the 
Am386SXL microprocessor which identifies the appro- 
priate entry in the interrupt table. The table contains the 
starting address of the interrupt service routine. Then, 
the user supplied interrupt Service routine is executed. 
Finally, when an !IRET instruction is executed the old 
processor state is restored and program execution 
resumes at the appropriate instruction. 


The 8-bit interrupt vector is supplied to the Am386SXL 
microprocessor in several different ways: exceptions 
supply the interrupt vector internally; software INT 
instructions contain or imply the vector; maskable 
hardware interrupts supply the 8-bit vector via the 
interrupt acknowledge bus sequence. Non-Maskable 
hardware interrupts are assigned to interrupt vector 2. 


Maskable Interrupt 


Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. A 
hardware interrupt occurs when the INTR is pulled High 
and the Interrupt Flag bit (IF) is enabled. The processor 
only responds to interrupts between instructions (string 
instructions have an interrupt window between mem- 
ory moves that allows interrupts during long string 
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Figure 5. Am386SXL Microprocessor Supported Data Types 
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Note: Some debug exceptions may report both traps on the previous instruction and faults on the next instruction. 


moves). When an interrupt occurs the processor reads 
an 8-bit vector supplied by the hardware which identifies 
the source of the interrupt (one of 224 user defined 
interrupts). 


Interrupts through interrupt gates automatically reset IF 
bit, disabling INTR requests. Interrupts through Trap 
Gates leave the state of the IF bit unchanged. Interrupts 
through a Task Gate change the IF bit according to the 
image of the EFLAGs register in the task’s Task State 
Segment (TSS). When an !IRET instruction is executed, 
the original state of the IF bit is restored. 


Non-Maskable Interrupt 


Non-maskable interrupts provide a method of servicing 
very high priority interrupts. When the NMI input is 
pulled High it causes an interrupt with an internally 
supplied vector value of 2. Unlike a normal hardware 
interrupt, no interrupt acknowledgment sequence is 
performed for an NMI. 


While executing the NMI servicing procedure, the 
Am386SXL microprocessor will not service any further 
NMI request or INT requests until an Interrupt Return 
(IRET) instruction is executed or the processor is reset. 
lf NMI occurs while currently servicing an NMI, its pres- 
ence will be saved for servicing after executing the first 
IRET instruction. The IF bit is cleared at the beginning of 
an NMI interrupt to inhibit further INTR interrupts. 


Software interrupts 


A third type of interrupt/exception for the Am386SXL 
CPU is the software interrupt. An INT n instruction 
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causes the processor to execute the interrupt service 
routine pointed to by the nth vector in the interrupt table. 


A special case of the two byte software interrupt INT nis 
the one byte INT 3, or breakpoint interrupt. By inserting 
this one byte instruction in a program, the user can set 
breakpoints in his program as a debugging tool. 


A final type of software interrupt is the single-step 
interrupt. It is discussed in section Single-Step Trap. 


interrupt and Exception Priorities 


Interrupts are externally generated events. Mask- 
able Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at instruc- 
tion boundaries. When NMI and maskable INTR are 
both recognized at the same instruction boundary, the 
Am386SXL microprocessor invokes the NMI service 
routine first. If maskable interrupts are still enabled after 
the NMI service routine has been invoked, then the 
Am386SXL CPU will invoke the appropriate interrupt 
service routine. 


As the Am386SXL microprocessor executes instruc- 
tions, it follows a consistent cycle in checking for 
exceptions, as shown in Table 6. This cycle is repeated 
as each instruction is executed, and occurs in parallel 
with instruction decoding and execution. 


Instruction Restart 


The Am386SXL microprocessor fully supports restart- 
ing all instructions after Faults. if an exception is 
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detected in the instruction to be executed (exception 
categories 4 through 10 in Table 6), the Am3886SXL 
microprocessor invokes the appropriate exception 
service routine. The Am386SXL microprocessor is in a 
state that permits restart of the instruction, for all 
cases by those given in Table 7. Note that all such 
cases will be avoided by a properly designed operating 
system. 


Double Fault 


A Double Fault (Exception 8) results when the 
processor attempts to invoke an exception service 
routine for the segment exceptions (10, 11, 12, or 13), 
but in the process of doing so detects an exception other 
than a Page Fault (Exception 14). 


One other cause of generating a Double Fault is the 
Am386SXL CPU detecting any other exception when 
it is attempting to invoke the Page Fault (Exception 14) 
service routine (e.g., if a Page Fault is detected when 
the Am386SXL microprocessor attempts to invoke the 
Page Fault service routine). Of course, in any functional 
system, not only the Am386SXL CPU-based systems, 


the entire Page Fault service must remain present in 
memory. 


Reset and Initialization 


When the processor is initialized or Reset, the registers 
have the values shown in Table 8. The Am386SXL 
CPU will then start executing instructions near the 
top of physical memory, at location OFFFFFOH. When 
the first intersegment Jump or Call is executed, address 
lines A23-A20 will drop Low for CS-relative memory 
cycles, and the Am386SXL CPU will only execute 
instructions in the lower 1 Mb of physical memory. This 
allows the system designer to use a Shadow ROM at the 
top of physical memory to initialize the system and take 
care of Resets. 


Reset forces the Am386SXL microprocessor to 
terminate all execution and local bus activity. No 
instruction execution or bus activity will occur as long as 
Reset is active. Between 350- and 450-CLK2 periods 
after Reset becomes inactive, the AmM386SXL micro- 
processor will start executing instructions at the top of 
physical memory. 


Table 6. Sequence of Exception Checking 


Consider the case of the 3886SXL microprocessor having just completed an instruction. It then performs the following checks 
before reaching the point where the next instruction is completed. 


1. Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data Breakpoints set in the 
Debug Registers). 


2. Check for external NMI and INTR. 


3. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the Debug Registers for the next 
instruction). : 


4. Check for Segmentation Faults that prevented fetching the entire next instruction (Exceptions 11 and 13). 
Check for Page Faults that prevented fetching the entire next instruction (Exception 14). 


6. Check for Faults decoding the next instruction (Exception 6 if illegal op-code; Exception 6 if in Real Mode or in Virtual 8086 
Mode and attempting to execute an instruction for Protected Mode only; or Exception 13 if instruction is longer than 15 bytes, or 
privilege violation in Protected Mode (i.e., not at IOPL or at CPL=0)). 


7. If WAIT op-code, check if TS = 1 and MP = 1(Exception 7 if both are 1). 
lf ESCape op-code for math coprocessor, check if EM=1 or TS =1 (Exception 7 if either are 1). 


9. If WAIT op-code or ESCape op-code for math coprocessor, check ERROR input signal (Exception 16 if ERROR input is 
asserted). 


10. Check in the following order for each memory reference required by the instruction. 
a. Check for Segmentation Faults that prevent transferring the entire memory quantity (Exceptions 11, 12, and 13). 
b. Check for Page Faults that prevent transferring the entire memory quantity (Exception 14). 


de 


2 


Note: Segmentation exceptions are generated before paging exceptions. 





Table 7. Conditions Preventing Instruction Restart 


1. An instruction causes a task switch to a task whose Task State Segment (TSS) is partially not present (an entire not present 
TSS is restartable). Partially present TSSs can be avoided either by keeping the TSSs of such tasks present in memory, or by 
aligning TSS segments to reside entirely within a single 4K page (for TSS segments of 4 Kb or less). 


2. Acoprocessor operand wraps around the top of a 64-Kb segment or a 4-Gb segment and spans three pages, and the page 
holding the middle portion of the operand is not present. This condition can be avoided by starting at a page boundary any 
segments containing coprocessor operands, if the segments are approximately 64K—200K bytes or larger (i.e., large enough 
for wraparound of the coprocessor operand to possibly occur). 


Note: These conditions are avoided by using the operating system designs mentioned in this table. 
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Tabie 8. Register Values after Reset 


Flag Word (EFLAGS) 
Machine Status Word (CRO) 
Instruction Pointer (EIP) 
Code Segment (CS) 

Data Segment (DS) 

Stack Segment (SS) 

Extra Segment (ES) 

Extra Segment (FS) 

Extra Segment (GS) 

EAX Register 

EDX Register 

All Other Registers 








Notes: 1. EFLAGS Register. The upper 14 bits of the EFLAGS register are undefined; all defined flag bits are zero. 















Component and Stepping ID 





uuuu0002H Note 1 
uuuuuyu1 OH 
QOOOFFFOH 
FOOOH Note 2 
0000H Note 3 
0000H 
0000H Note 3 
0000H 
0000H 
0000H Note 4 






Undefined 


2. The Code Segment register (CS) will have its Base Address set to OFFFFOOOOH and Limit set to OFFFFH. 
3. The Data and Extra Segment registers (DS and ES) will have their Base Address set to OOO000000H and Limit set to OFFFFH. 
4. If self-test is selected, the EAX register should contain a 0 value. If a value of 0 is not found, the self-test has detected a flaw in 


the part. 


5. EDX register always holds a component and stepping identifier. 


6. All undefined bits are reserved for future use and should not be used. 


Testability 


The Am386SXL microprocessor, like the Am386DX 
microprocessor, offers testability features that include 
a self-test and direct access to the page translation 
cache. 


Self-Test 


The Am386SXL microprocessor has the capability to 
perform a self-test. The self-test checks the function 
of all of the Control ROM and most of the non-random 
logic of the part. Approximately one-half of the 
Am386SXL CPU can be tested during self-test. 


Self-Test is initiated on the Am386SXL microprocessor 
when the Reset pin transitions from High to Low, andthe 
BUSY pin is Low. The self-test takes about 27° clocks, or 
approximately 33 ms with a 16-MHz Am386SXL CPU. 
At the completion of self-test the processor performs 
reset and begins normal operation. The part has 
successfully passed self-test if the contents of the EAX 
are zero. If the results of the EAX are not zero, then the 
self-test has detected a flaw in the part. 


TLB Testing 


The Am386SXL microprocessor also provides a mech- 
anism for testing the Translation Look-Aside Buffer 
(TLB), if desired. This particular mechanism may not be 
continued in the same way in future processors. 


There are two TLB testing operations: 1) writing entries 
into the TLB; and, 2) performing TLB lookups. Two test 
registers, shown in Figure 6 are provided for the 
purpose of testing. TR6 is the test command register, 
and TR7 is the test data register. 
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Debugging Support 


The Am386SXL microprocessor provides several 
features which simplify the debugging process. The 
three categories of on-chip debugging aids are: 


1. The code execution breakpoint op-code (OCCH). 


2. The single-step capability provided by the TF bit in 
the flag register. 


3. The code and data breakpoint capability provided by 
the Debug Registers DR3—DRO, DR6, and DR7. 


Breakpoint Instruction 


A single-byte software interrupt (INT 3) breakpoint 
instruction is available for use by software debuggers. 
The breakpoint op-code is OCCH, and generates an 
Exception 3 trap when executed. 


Single-Step Trap 


If the single-step flag (TF, bit 8) in the EFLAGS register 
is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step exception 
is auto-vectored to Exception 1. 


Debug Registers 


The Debug Registers are an advanced debugging 
feature of the Am386SXL microprocessor. They allow 
data access breakpoints as well as code execution 
breakpoints. Since the breakpoints are indicated by 
on-chip registers, an instruction execution breakpoint 
canbe placed in ROM code or in code shared by several 
tasks, neither of which can be supported by the INT 3 
breakpoint op-code. 


The Am386SXL microprocessor contains six Debug 
Registers, consisting of four breakpoint address 
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Table 9. Exceptions in Real Mode 





| Interrupt | Related | Return 
Function | Number | instructions Address Location 

Interrupt table limit too small | 8 INT vector is not within table limit | Before 

instruction 
CS, DS, ES, FS, GS 13 Word memory reference with Before 
Segment Overrun exception offset = OFFFFH. An attempt to Instruction 

execute past the end of CS segment. | 

SS Segment Overrun exception | 12 Stack Reference Before 

| beyond offset = OFFFFH. Instruction 

Command ——————— 


Writable - 
User 
Dirty 


Valid | 






| Test 
_ Contro! 





Linear Address 


a3 Earner oa aes TET 


Physical Address 


10 9. 


Test 
_ Status 





Reserved for future use — do not use. 


15022B-006 


Figure 6. Test Registers 





registers and two breakpoint conirol registers. Initially 
after reset, breakpoints are in the disabled state; 
therefore, no breakpoints will occur unless the Debug 
Registers are programmed. Breakpoints set up in the 
Debug Registers are auto-vectored to Exception 1. 
Figure 7 shows the breakpoint status and control 
registers. 


REAL MODE ARCHITECTURE 


When the processor is reset or powered up it is 
initialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 32-bit 
register set of the Am386SXL microprocessor. The 
addressing mechanism, memory size, and interrupt 
handling are all identical to the Real Mode on the 80286. 


The default operand size in Real Mode is 16 bits, as in 
the 8086. In order to use the 32-bit registers and 
addressing modes, override prefixes must be used. In 
addition, the segment size onthe AmM386SXL micropro- 
cessor in Real Mode is 64 Kb, so 32-bit addresses must 
have a value less than OOOOFFFFH. The primary 
purpose of Real Mode is to set up the processor for 
Protected Mode operation. 
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Memory Addressing 


in Real Mode the linear addresses are the same as 
physical addresses (paging is not allowed). Physical 
addresses are formed in Real Mode by adding the 
contents of the appropriate segment register which is 
shifted left by four bits to an effective address. This 
addition results in a 20-bit physical address or a 1-Mb 
address space. Since segment registers are shifted left 
by 4 bits, Real Mode segments always start on 16-byte 
boundaries. 


All segments in Real Mode are exactly 64-Kb long, and 
may be read, written, or executed. The AM386SXL mi- 
croprocessor will generate an Exception 13 if a data 
operand or instruction fetch occurs past the end of a 
segment. 


Reserved Locations 


There are two fixed areas in memory that are reserved 
in Real Address Mode: the system initialization area 
and the interrupt table area. Locations O0000H through 
OOSFFH are reserved for interrupt vectors. Each 
one of the 256 possible interrupts has a 4-byte jump 
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vector reserved for it. Locations OFFFFFOH through 
OFFFFFFH are reserved for system initialization. 


Interrupts 


Many of the exceptions discussed in section Interrupts 
and Exceptions are not applicable to Real Mode 
operation; in particular, Exceptions 10, 11, and 14 do 
not occur in Real Mode. Other exceptions have slightly 
different meanings in Real Mode; Table 9 identifies 
these exceptions. 


Shutdown and Halt 


The HLT instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, FLT, INTR with interrupts enabled 
(IF=1), or Reset will force the AM386SXL microproces- 
sor out of halt. if interrupted, the saved CS:IP will point to 
the next instruction after the HLT. 


Shutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, shut- 
down can occur under two conditions: 


1. Aninterrupt or an exception occurs (Exceptions 8 or 
13) and the interrupt vector is larger than the 
Interrupt Descriptor Table. 


2. A Call, INT, or Push instruction attempts to wrap 
around the stack segment when SP is not even. 


An NMI input can bring the processor out of shutdown if 
the Interrupt Descriptor Table limit is large enough to 
contain the NMI interrupt vector (at least OOOFH) andthe 
stack has enough room to contain the vector and flag in- 
formation (i.e., SP is greater than 0005H). Otherwise, 
shutdown can only be exited by a processor reset. 


LOCK Operation 


The LOCK prefix on the Am386SXL microprocessor, 
even in Real Mode, is more restrictive than on the 
80286. This is due to the addition of paging on the 
Am386SXL CPU in Protected Mode and Virtual 8086 
Mode. The LOCK prefix is not supported during repeat 
string instructions. 


The only instruction forms where the LOCK prefix is 
legal on the AM386SXL microprocessor are shown in 
Table 10. 


Table 10. Legal Instructions for the LOCK Prefix 


Operands 
Op-Code _{__ (Dest, Source) 


BIT Test and Mem, Reg/Immed 
SET/RESET/COMPLEMENT | 

XCHG 

XCHG 

ADD, OR, ADC, SBB 
AND, SUB, XOR 


NOT, NEG, INC, DEC 

























Reg, Mem 
Mem, Reg 
Mem, Reg/Immed 








Mem 


An Exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or op-code not listed 
above. The LOCK prefix allows indivisible read/modify/ 
write operations on memory operands using the instruc- 
tions above. 


The LOCK prefix is not !OPL-sensitive on the 
Am386SXL microprocessor. The LOCK prefix can be 
used at any privilege level, but only on the instruction 
forms listed in Table 10. 


PROTECTED MODE ARCHITECTURE 


The complete capabilities of the AmM386SXL micropro- 
cessor are unlocked when the processor operates in 
Protected Virtual Address Mode (Protected Mode). 
Protected Mode vastly increases the linear address 
space to 4 Gb (2 bytes), and allows the running of 
virtual Memory programs of almost unlimited size (64 tb 
(2*® bytes)). In addition, Protected Mode allows the 
Am386SXL CPU to run all of the existing AmM3886DX 
CPU (using only 16 Mbof physical memory), 80286, and 
8086 CPU’s software, while providing a sophisticated 
memory management and a_hardware-assisted 
protection mechanism. Protected Mode allows the use 
of additional instructions specially optimized for 
supporting multitasking operating systems. The base 
architecture of the Am386SXL microprocessor remains 
the same; the registers, instructions, and addressing 
modes described in the previous sections are retained. 
The main difference between Protected Mode and Real 
Mode from a programmer’s viewpoint is the increased 
address space and a different addressing mechanism. 


Addressing Mechanism 


Like Real Mode, Protected Mode uses two components 
to form the logical address: a 16-bit selector is used to 
determine the linear base address of a segment, the 
base address is added to a 32-bit effective address to 
form a 32-bit linear address. The linear address is then 
either used as a 24-bit physical address, or if paging is 
enabled, the paging mechanism maps the 32-bit linear 
address into a 24-bit physical address. 


The difference between the two modes lies in 
calculating the base address. In Protected Mode, the 
selector is used to specify an index into an operating 
system defined table (see Figure 8). The table contains 
the 32-bit base address of a given segment. The 
physical address is formed by adding the base address 
obtained from the table to the offset. 


Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the AM386SXL microprocessor, as paging 
operates beneath segmentation. The page mechanism 
translates the protected linear address which comes 
from the segmentation unit into a physical address. 
Figure 9 shows the complete Am386SXL CPU 
addressing mechanism with paging enabled. 
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Breakpoint 0 Debug Fault/Trap 
Breakpoint 1 Debug Fault/Trap 
Breakpoint 2 Debug Fault/Trap 
Breakpoint 3 Debug Fault/Trap 

Register Access Fault 


Single-Step Debug Trap 
Task Switch Debug Trap a! | 


Debug 
Status 
Control 





Gi: Global Breakpoint Enable i 
Li: Local Breakpoint Enable i 


Local Exact Breakpoint Match 
Global Exact Breakpoint Match 
Global Debug Register Access Detect 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


eso] ms [ech] abe [uch [abe [eho] le [777 





Reserved for future use — do not use. 





15 14 13 3.2 1 0 









Breakpoint 
Control 





DR7 
9 8 7 6 5 43 2 1 
LENi: Breakpoint Length i 
RWi: Memory Access Qualifier i 
15022B-007 


Figure 7. Debug Registers 





Segmentation 


Segmentation is one method of memory management. 
Segmentation provides the basis for protection. 
Segments are used to encapsulate regions of memory 
which have common attributes. For example, all of the 
code of a given program could be contained in a 
segment, or an operating system table may reside ina 
segment. All information about each segment is stored 
in an 8-byte data structure called a descriptor. All of the 
descriptors in a system are contained in descriptor 
tables which are recognized by hardware. 


Terminology 


The following terms are used throughout the discussion 
of descriptors, privilege levels, and protection: 


PL: Privilege Level—One of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 


RPL: Requestor Privilege Level—The privilege level 
of the original supplier of the selector. RPL is 
determined by the least two significant bits of a 
selector. 


DPL: Descriptor Privilege Level—This is the least 
privileged level at which a task may access that 
descriptor (and the segment associated with that 
descriptor). Descriptor Privilege Level is deter- 
mined by bits 6:5 in the Access Right Byte of a 
descriptor. 


CPL: Current Privilege Level—tThe privilege level at 
which a task is currently executing, which equals 
the privilege level of the code segment being 
executed. CPL can also be determined by 
examining the lowest 2 bits of the CS register, 
except for conforming code segments. 


EPL: Effective Privilege Level —trThe effective privilege 
level is the least privileged of the RPL and the 
DPL. EPL is the numerical maximum of RPL and 
DPL. 


Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 


Descriptor Tables 


The descriptor tables define all of the segments which 
are used in an Am386SXL microprocessor system. 
There are three types of tables which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and Interrupt Descriptor Table. All of the tables are 
variable length memory arrays and can vary in size 
from 8 bytes to 64 Kb. Each table can hold up to 8192 
8-byte descriptors. The upper 13 bits of a selector are 
used as an index into the descriptor table. The tables 
have registers associated with them which hold the 
32-bit linear base address and the 16-bit limit of each 
table. 
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Access Rights 
Base Address 





























Descriptor Address | 
15021B-018 
Figure 8. Protected Mode Addressing 
48 Bit Pointer Physical Address 
fo CN 4 Kb 
4 Kb 
4 Kb 
i Paging Physical 
echanism 
nodes Physical Page: 
4 Kb 
Segment Linear 
Descriptor Address 4 Kb 
4 Kb 
4 Kb 
15022B—005 
Figure 9. Paging and Segmentation 
: 15 Oo! 
15 0; LDT Limit ' 
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31 0 
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GDT Limit 
GDTR_ | GDT Base Linear Address 
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Figure 10. Descriptor Table Registers 
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Each of the tables has a register associated with it: 
GDTR, LDTR, and IDTR (see Figure 1). The LGDT, 
LLDT, and LIDT instructions load the base and limit of 
the Global, Local, and Interrupt Descriptor Tables into 
the appropriate register. The SGDT, SLDT, and SIDT 
store the base and limit values. These are privileged 
instructions. 


Global Descriptor Table 


The Global Descriptor Table (GDT) contains descriptors 
which are available to all of the tasks in a system. The 
GDT can contain any type of segment descriptor except 
for interrupt and trap descriptors. Every Am386SXL 
CPU system contains a GDT. 


The first slot of the Global Descriptor Table corresponds 
to the null selector and is not used. The null selector 
defines a null pointer value. 


Local Descriptor Table 


LDTs contain descriptors which are associated with a 
given task. Generally, operating systems are designed 
so that each task has a separate LDT. The LDT may 
contain only code, data, stack, task gate, and call gate 
descriptors. LDTs provide a mechanism for isolating a 
given task’s code and data segments from the rest of the 
operating system, while the GDT contains descriptors 
for segments which are common to all tasks. Asegment 
cannot be accessed by a task if its segment descriptor 
does not exist in either the current LDT or the GDT. This 
provides both isolation and protection for a task’s seg- 
ments while still allowing global data to be shared 
among tasks. 


Unlike the 6-byte GDT or IDT registers which contain a 
base address and limit, the visible portion of the LDT 
register contains only a 16-bit selector. This selector 
refers to a Local Descriptor Table descriptor in the GDT 
(see Figure 1). 


interrupt Descriptor Table 


The third table needed for AmM386SXL microprocessor 
systems is the Interrupt Descriptor Table. The IDT con- 
tains the descriptors which point to the location of the up 
to 256 interrupt service routines. The IDT may contain 
only task gates, interrupt gates, and trap gates. The IDT 


31 








should be at least 256 bytes in size in order to hold the 
descriptors for the 32 interrupts reserved for future 
use. Every interrupt used by a system must have an 
entry in the IDT. The IDT entries are referenced by INT 
instructions, external interrupt vectors, and exceptions. 


Descriptors 


The object to which the segment selector points to is 
called a descriptor. Descriptors are eight byte quantities 
which contain attributes about a given region of linear 
address space. These attributes include the 32-bit base 
linear address of the segment, the 20-bit length and 
granularity of the segment, the protection level, read, 
write, or execute privileges, the default size of the oper- 
ands (16 bit or 32 bit), and the type of segment. All of 
the attribute information about a segment is contained 
in 12 bits in the segment descriptor. Figure 11 shows 
the general format of a descriptor. All segments on the 
Am386SXL microprocessor have three attribute fields 
in common: the P bit, the DPL bit, and the S bit. The 
P (Present) Bit is 1 if the segment is loaded in physical 
memory. If P=0, then any attempt to access this 
segment causes a Not Present exception (number 11). 
The Descriptor Privilege Level (DPL) is a two bit field 
which specifies the protection level, 0-3, associated 
with a segment. 


The Am386SXL microprocessor has two main 
categories of segments: system segments and non- 
system segments (for code and data). The segment bit 
(S) determines if a given segment is a system segment 
or a code or data segment. If the S bit is 1, then the 
segment is either a code or data segment; if it is 0, then 
the segment is a system segment. 


Code and Data Descriptors (S=1) 


Figure 12 shows the general format of a code and data 
descriptor, and Table 11 illustrates how the bits in the 
Access Right Byte are interpreted. 


Code and data segments have several descriptor fields 
in common. The accessed bit (A) is set whenever 
the processor accesses a descriptor. The granularity 
bit (G) specifies if a segment length is byte-granular or 
page-granular. 


0 Byte Address 


Segment Base 15-0 Segment Limit 15-0 0 
Limit Base 

pas 1-24 lel wore [ort |S] tye [A] astte 
Base Base Address of the segment Accessed Bit 
Limit The length of the segment 6 Granularity Bit (1 = Segment length is page-granular, 
P Present Bit (1 = Present, 0 = Not Present) 0=Segment length is byte-granular) 
DPL _ Descriptor Privilege Level 0-3 Default Operation Size (recognized in code segment 
S Segment Descriptor (0 = System Descriptor, descriptors only; 1 =32-bit segment, 0 = 16-bit segment) 

1 = Code or Data Segment Descriptor) 0 Bit must be zero for compatibility with future processors 
Type Type of Segment AVL Available field for user or OS 

15021B-022 


Figure 11. Segment Descriptors 
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0 Byte Address 


31 
Segment Base 15—0 Segment Limit 15-0 



















0 
Base 31-24 | AVL bi Access Rights Bytes Base +4 
9-16 23-16 
1 = Default Instruction Attributes are 32 bits Granularity Bit = Segment legnth is page: granular 
0 = Default Instruction Attributes are 16 bits 0 = Segment length is byte-granular 
AVL Available field for user or OS 0 Bit must be zero for compatibility with future processors 
15021B-023 
Figure 12. Code and Data Descriptors 
31_ 0 Byte Address 
Segment Base 15-0 Segment Limit 15-0 0 
Ai Limit Base 
eats is]o]ofo 19-16 pf ope jo] type 23-16 = 
Type Defines Type Defines 
0 Invalid 8 = Invalid 
1 Available 80286 TSS 9 Available TSS 
2 LOT A Undefined (Reserved) 
3 Busy 80286 TSS B Busy TSS 
4 80286 Call Gate C Am386SXL CPU Call Gate 
5 Task Gate (for 80286 or Am386SXL CPU Task) D Undefined (Reserved) 
6 80286 Interrupt Gate E Am386SXL CPU Interrupt Gate 
7 80286 Trap Gate F Am386SXL CPU Trap Gate 
15021B-024 


Figure 13. System Descriptors 


Tabie 11. Access Rights Byte Definition for Code and Data Descriptors 


Bit | 
Position | Name | 


7 Present (P) 


Function 


Segment i is mapped into physical memory. 
No mapping to physical memory exists, Base and Limit are 
not used. 


6-5 | Descriptor Privilege Levels (DPL) Segment privilege attribute used in privilege tests. 


4 | Segment Descriptor (S) Code or Data (includes stacks) Segment Descriptor. 


S=1 
S=0 System Segment Descriptor or Gate Descriptor. 
E=0 








| Executable (E) Descriptor type is data segment: 
2 | Expansion Direction (ED) Expand up segment, offsets must be < limit. : aaa 
Expand down segment, offsets must be > limit. (S = 
1 Writeable (W) Data segment may not be written into. E=0) 
ee ae eee Data segment may be written into. 
3 | Executable (E) Descriptor type is code segment: 4 Cod 
| ode 
2 | Conforming (C) Code segment may only be executed when Segment 
| CPL2DPL and CPL remains unchanged. (S = 
1 | Readable (R) R=0 Code segment may not be read. E=1) 
pam Pia th Se __Code segment may be read. 
0 | Accessed (A) A=0 Segment has not been accessed. 
| A=1 Segment selector has been loaded into segment register 


or used by selector test instructions. 
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System Descriptor Formats (S=0) . 


System segments describe information about operating 
system tables, task, and gates. Figure 13 shows the 
general format of system segment descriptors, and the 
various types of system segments. Am386SXL CPU 
system descriptors (which are the same as Am386DX 
CPU system descriptors) contain a 32-bit base linear 
address and a 20-bit segment limit. 80286 system 
descriptors have a 24-bit base address and a 16-bit 
segment limit. 80286 system descriptors are identified 
by the upper 16 bits being all zero. 


Differences Between Am386SXL Microprocessor 
and 80286 Descriptors 


In order to provide operating system compatibility with 
the 80286, the Am3886SXL CPU supports all of the 
80286 segment descriptors. The 80286 system 
segment descriptors contain a 24-bit base address and 
16-bit limit, while the AM3886SXL CPU system segment 
descriptors have a 32-bit base address, a 20-bit limit 
field, and a granularity bit. The word count field specifies 
the number of 16-bit quantities to copy for 80286 call 
gates and 32-bit quantities for AM386SXL CPU call 
gates. 


Selector Fields 


A selector in Protected Mode has three fields: Local or 
Global Descriptor Table Indicator (Tl), Descriptor Entry 
Index (Index), and Requestor (the selector’s) Privilege 
Level (RPL), as shown in Figure 14. The TI] bit selects 
either the Global Descriptor Table or the Local 
Descriptor Table. The Index selects one of 8K descrip- 
tors in the appropriate descriptor table. The RPL bits 
allow high speed testing of the selector’s privilege 
attributes. 


Selector 





Segment 
Register | 





Local Descriptor Table 


Segment Descriptor Cache 


In addition to the selector value, every segment register 
has a segment descriptor cache register associated 
with it. Whenever a segment register’s contents are 
changed, the 8-byte descriptor associated with the 
selector is automatically loaded (cached) on the chip. 
Once loaded, all references to that segment use the 
cached descriptor information instead of reaccessing 
the descriptor. The contents of the descriptor cache are 
not visible to the programmer. Since descriptor caches 
only change when a segment register is changed, 
programs which modify the descriptor tables must 
reload the appropriate segment registers after changing 
a descriptor’s value. 


Protection 


The Am386SXL microprocessor has four levels of pro- 
tection which are optimized to support a multitasking 
operating system and to isolate and protect user 
programs from each other and the operating system. 
The privilege levels control the use of privileged 
instructions, I/O instructions, and access to segments 
and segment descriptors. The Am386SXL micropro- 
cessor also offers an additional type of protection ona 
page basis when paging is enabled. 


The four-level hierarchical privilege system is an 
extension of the user/supervisor privilege mode 
commonly used by minicomputers. The user/supervisor 
mode is fully supported by the Am386SXL micropro- 
cessor paging mechanism. The Privilege Levels (PL) 
are numbered 0 through 3. Level 0 is the most privileged 
level. 







Descriptor 
Number 





Global Descriptor Table 
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Figure 14. Example Descriptor Selection 
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Table 12. Descriptor Types Used for Control Transfer 


Control Transfer Types 


Descriptor Descriptor 
| Operation Types | Referenced Table 


Intersegment within the same privilege level JMP, CALL, RET, IRET" Code Segment GDT/LDT 
Intersegment to the same or higher privilege level CALL Call Gate GDT/LDT 
interrupt within task may change CPL Interrupt Instruction, Trap or Interrupt IDT 

Exception, External Gate 

interrupt 
Intersegment to a lower privilege level RET, IRET* Code Segment GDT/LDT 
(changes task CPL) 

CALL, JMP Task State GDT 

Segment 

CALL, JMP GDT/LDT 
Task Switch IRET** Task Gate IDT 

Interrupt Instruction, 

Exception, External 

Interrupt 


“NT (Nested Task bit of flag register) = 0 
**NT (Nested Task bit of flag register) = 1 


Rules of Privilege 


The Am386SXL microprocessor controls access to both 
data and procedures between levels of a task, 
according to the following rules: 


—Data stored in a segment with privilege level p can be 
accessed only by code executing at a privilege level at 
least as privileged as p. 


—A code segment/procedure with privilege level p can 
only be called by a task executing at the same or 
lesser privilege level than p. 


Privilege Levels 


At any point in time, a task on the Am386SXL micropro- 
cessor always executes at one of the four privilege 
levels. The Current Privilege Level (CPL) specifies what 
the task’s privilege level is. A task’s CPL may only be 
changed by control transfers through gate descriptors to 
a code segment with a different privilege level. Thus, an 
application program running at PL=3 may call an 
operating system routine at PL=1 (via a gate) which 
would cause the task’s CPL to be set to 1 until the 
operating system routine was finished. 


Selector Privilege (RPL) 


The privilege level of a selector is specified by the RPL 
field. The selector’s RPL is only used to establish a less 
trusted privilege level than the current privilege level of 
the task for the use of a segment. This level is called the 
task’s Effective Privilege Level (EPL). The EPL is 
defined as being the least privileged (numerically larger) 
level of a task’s CPL and a selector’s RPL. The RPL is 
most commonly used to verify that pointers passed to an 
operating system procedure do not access data that is 





of higher privilege than the procedure that originated the 
pointer. Since the originator of a selector can specify 
any RPL value, the Adjust RPL (ARPL) instruction is 
provided to force the RPL bits to the originator’s CPL. 


V/O Privilege 


The I/O Privilege Level (IOPL) lets the operating system 
code executing at CPL=0 define the least privileged 
level at which I/O instructions can be used. An 
Exception 13 (General Protection Violation) is gen- 
erated if an I/O instruction is attempted when the CPL of 
the task is less privileged then the IOPL. The IOPL is 
stored in bits 13 and 14 of the EFLAGS register. The 
following instructions cause an Exception 13 if the CPL 
is greater than IOPL: IN, INS, OUT, OUTS, STI, CLI, 
and LOCK prefix. 


Descriptor Access 


There are basically two types of segment accesses: 
those involving code segments such as control trans- 
fers, and those involving data accesses. Determining 
the ability of a task to access a segment involves the 
type of segment to be accessed, the instruction used, 
the type of descriptor used, and CPL, RPL, and DPL as 
described above. 


Any time an instruction loads a data segment register 
(DS, ES, FS, GS) the Am386SXL CPU makes protec- 
tion validation checks. Selectors loaded in the DS, ES, 
FS, GS registers must refer only to data segment or 
readable code segments. 


Finally, the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is more 
privileged than the CPL, an Exception 13 (General 
Protection Fault) is generated. 
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Figure 15. TSS and TSS Registers 
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Figure 16. Sample I/O Permission Bit Map 


The rules regarding the stack segment are slightly differ- 
ent than those involving data segments. Instructions 
that load selectors into SS must refer to data segment 
descriptors for writeable data segments. The DPL and 
RPL must equal the CPL of all other descriptor types ora 
privilege level violation will cause an Exception 13. A 
stack not present fault causes an Exception 12. 


Privilege Level Transfers 


Inter-segment control transfers occur when a selector is 
loaded in the CS register. For a typical system most of 
these transfers are simply the result of a call or a jump to 
another routine. There are five types of control transfers 
which are summarized in Table 12. Many of these 
transfers result in a privilege level transfer. Changing 
privilege levels is done only by control transfers, using 
gates, task switches, and interrupt or trap gates. 


Control transfers can only occur if the operation which 
loaded the selector references the correct desriptor 
type. Any violation of these descriptor usage rules will 
cause an Exception 13. 


CALL Gates 


Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can ensure 
that all gates only allow entry into a few trusted 
procedures. 


Task Switching 


Avery important attribute of any multitasking/multi-user 
operating system is its ability to rapidly switch between 
tasks or processes. The Am386SXL microprocessor 
directly supports this operation by providing a task 
switch instruction in hardware. The task switch 
operation saves the entire state of the machine (all of the 
registers, address space, and a link to the previous 
task), loads a new execution state, performs protection 
checks, and commences execution in the new task. Like 
transfer of control by gates, the task switch operation is 
invoked by executing an inter-segment JMP or CALL 
instruction which refers to a Task State Segment (TSS), 
or a task gate descriptor in the GDT or LDT. An INT n 
instruction, exception, trap, or external interrupt may 
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also invoke the task switch operation if there is a task 
gate descriptor in the associated IDT descriptor slot. 


The TSS descriptor points to a segment (see Figure 15) 
containing the entire execution state. A task gate 
descriptor contains a TSS selector. The Am386SXL 
microprocessor supports both 80286 and Am386SXL 
CPU TSSs. The limit of an AM3886SXL CPU TSS must 
be greater than 64H (2BH for a80286 TSS), and can be 
as large as 16 Mb. !n the additional TSS space, the 
operating system is free to store additional information 
such as the reason the task is inactive, the time the task 
has spent running, or open files belonging to the task. 


Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
Am386SXL microprocessor called the Task State 
Segment Register (TR). This register contains a 
selector referring to the task state segment descriptor 
that defines the current TSS. A hidden base and limit 
register associated with TSS descriptor are loaded 
whenever TR is loaded with a new selector. Returning 
from a task is accomplished by the IRET instruction. 
When IRET is executed, control is returned to the task 
which was interrupted. The currently executing task’s 
state is saved in the TSS and the old task state is 
restored from its TSS. 


Several bits in the flag register and machine status word 
(CRO) give information about the state of a task which is 
useful to the operating system. The Nested Task bit 
(NT) controls the function of the IRET instruction. If 
NT = 0, the IRET instruction performs the regular return. 
If NT =1, IRET performs a task switch operation base to 
the previous task. The NT bit is set or reset in the 
following fashion: 


When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and the 
back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL 
or INT initiated task switches. An interrupt that 
does not cause a task switch will clear NT (the NT 
bit will be restored after execution of the interrupt 
handler). NT may also be set or cleared by POPF 
or IRET instructions. 
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The AmM3886SXL microprocessor task state segment is 
marked busy by changing the descriptor type field from 
Type 9 to Type OBH. An 80286 TSS is marked busy by 
changing the descriptor type field from Type 1 to Type 3. 
Use of a selector that references a busy task state 
segment causes an Exception 13. 


The VM (Virtual Mode) bit is used to indicate if ataskis a 
Virtual 8086 task. If VM = 1 then the tasks will use the 
Real Mode addressing mechanism. The Virtual 8086 
environment is only entered and exited by a task switch. 


The coprocessor’s state is not automatically saved 
when a task switch occurs. The Task Switched Bit (TS) 
in the CRO register helps deal with the coprocessor’s 
state in a multitasking environment. Whenever the 
Am386SXL microprocessor switches tasks, it sets the 
TS bit. The Am386SXL CPU detects the first use of a 
processor extension instruction after a task switch 
and causes the processor extension Not Available 
Exception 7. The exception handler for Exception 7 
may then decide whether to save the state of the 
coprocessor. 


The T bit in the Am386SXL microprocessor TSS 
indicates that the processor should generate a debug 
exception when switching to a task. If T=1, then 
upon entry to a new task a debug Exception 1 will be 
generated. 


initialization and Transition To Protected Mode 


Since the AmM386SXL microprocessor begins executing 
in Real Mode immediately after RESET, it is necessary 
to initialize the system tables and registers with the 
appropriate values. The GDT and IDT registers must 
refer to avalid GDT and IDT. The IDT should be at least 
256 bytes long, and the GDT must contain descriptors 
for the initial code and data segments. 


Protected Mode is enabled by loading CRO with PE bit 
set. This can be accomplished by using the MOV CRO, 
R/M instruction. After enabling Protected Mode, the 


next instruction should execute an intersegment JMP 
to load the CS register and flush the instruction decode 
queue. The final step is to load all of the data segment 
registers with the initial selector values. 


An alternate approach to entering Protected Mode is to 
use the built in task-switch to load all of the registers. In 
this case the GDT would contain two TSS descriptors in 
addition to the code and data descriptors needed forthe 
first task. The first JMP instruction in Protected Mode 
would jump to the TSS causing a task switch and load- 
ing all of the registers with the values stored inthe TSS. 
The Task State Segment Register should be initialized 
to point to a valid TSS descriptor. 


Paging 


Paging is another type of memory management useful 
for virtual memory multitasking operating systems. Un- 
like segmentation, which modularizes programs and 
data into variable length segments, paging divides pro- 
grams into multiple uniform size pages. Pages bear no 
direct relation to the logical structure of a program. 
While segment selectors can be considered the logical 
name of a program module or data structure, a page 
most likely corresponds to only a portion of a module or 
data structure. 


Page Organization 


The Am386SXL microprocessor uses two levels of 
tables to translate the linear address (from the segmen- 
tation unit) into a physical address. There are three com- 
ponents to the paging mechanism of the AmM386SXL 
CPU: the Page Directory, the Page Tables, and the 
page itself (Page Frame). All memory-resident 
elements of the Am386SXL microprocessor paging 
mechanism are the same size, namely 4 Kb. A uniform 
size for all of the elements simplifies memory allocation 
and reallocation schemes, since there is no problem 
with memory fragmentation. Figure 17 shows how the 
paging mechanism works. 


Two Level Paging Scheme 


Directory 


Control Registers 





OFFFFFFH 


15022B-036 


Figure 17. Paging Mechanism 
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Figure 19. Page Table Entry (Points to Page) 


Page Fault Register 


CR2 is the Page Fault Linear Address register. It holds 
the 32-bit linear address which caused the last Page 
Fault detected. 


Page Descriptor Base Register 


CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of the 
Page Directory (this value is truncated to a 24-bit value 
associated with the Am386SXL CPU’s 16-Mb physical 
memory limitation). The lower 12 bits of CR3 are always 
zero to ensure that the Page Directory is always page 
aligned. Loading it with a MOV CR3, reg instruction 
causes the Page Table entry cache to be flushed, as will 
a task switch through a TSS which changes the value of 
CRO. 


Page Directory 


The Page Directory is 4-Kb long and allows up to 1024 
Page Directory entries. Each Page Directory entry 
contains information about the Page Table and the 
address of the next level of tables, the Page Tables. The 
contents of a Page Directory entry are shown in Figure 
18. The upper 10 bits of the linear address (A31-A22) 
are used as an index to select the correct Page Directory 
entry. 


The Page Table address contains the upper 20 bits of a 
32-bit physical address that is used as the base address 
for the next set of tables, the Page Tables. The lower 
12 bits of the Page Table addresses appear on 4-Kb 
boundaries. For an Am386DX CPU system, the upper 
20 bits will select one of 2” Page Tables, but for an 
Am386SXL microprocessor system, the upper 20 bits 
only select one of 2'* Page Tables. Again, this is 
because the Am386SXL CPU is limited to a 24-bit 
physical address, and the upper 8 bits (A31—A24) are 
truncated when the address is output on its 24 address 
pins. 


Page Tables 


Each Page Table is 4-Kb long and allows up to 1024 
Page Table entries. Each Page Table entry contains in- 
formation about the Page Frame and its address. The 
contents of a Page Table entry are shown in Figure 19. 


The middle 10 bits of the linear address (A21—A12) are 
used as an index to select the correct Page Table entry. 


The Page Frame address contains the upper 20 bits of 
a 32-bit physical address which is used as the base 
address for the Page Frame. The lower 12 bits of the 
Page Frame address are zero so that the Page Frame 
addresses appear on 4-Kb boundaries. For an 
Am386DX CPU system, the upper 20 bits will select 
one of 2°° Page Frames, but for an AmM3886SXL micro- 
processor system, the upper 20 bits only select one of 
2'* Page Frames. Again, this is because the Am386SXL 
CPU is limited to a 24-bit physical address space, and 
the upper 8 bits (A31—-A24) are truncated when the 
address is output on its 24 address pins. 


Page Directory/Table Entries 


The lower 12 bits of the Page Table entries and Page Di- 
rectory entries contain statistical information about 
pages and Page Tables, respectively. The P (Present) 
bit indicates if a Page Directory or Page Table entry can 
be used in address translation. If P = 1, the entry can be 
used for address translation. If P = 0, the entry cannot 
be used for translation. All of the other bits, are available 
for use by the software. For example, the remaining 31 
bits could be used to indicate where on disk the page is 
stored. 


The A (Accessed) bit is set by the Am386SXL CPU for 
both types of entries before a read or write access 
occurs to an address covered by the entry. The D (Dirty) 
bit is set to 1 before a write to an address covered by that 
Page Table entry occurs. The D bit is undefined for Page 
Directory entries. When the P, A, and D bits are updated 
by the Am386SXL CPU, the processor generates a 
Read-Modify-Write cycle which locks the bus and pre- 
vents conflicts with other processors or peripherals. 
Software which modifies these bits should use the 
LOCK prefix to ensure the integrity of the Page Tables in 
multi-master systems. 


The 3 bits marked system software definable (in Figures 
18 and 19) are software definable. System software 
writers are free to use these bits for whatever purpose 
they wish. 
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Page Level Protection (R/W, U/S Bits) 


The Am386SXL microprocessor provides a set of 
protection attributes for paging systems. The paging 
mechanism distinguishes between two levels of 
protection: User, which corresponds to level 3 of the 
segmentation based protection; and Supervisor, which 
encompasses all of the other protection levels (0, 1, 
and 2). Programs executing at Level 0, 1, or 2 bypass 
the page protection, although segmentation-based 
protection is still enforced by the hardware. 


The U/S and R/W bits are used to provide 
User/Supervisor and Read/Write protection for indi- 
vidual pages, or for all pages covered by a Page Table 
Directory entry. The U/S and R/W bits in the second 
level Page Table entry apply only to the page described 
by that entry. The U/S and R/W bits in the first level Page 
Directory Table apply to all pages described by the Page 
Table pointed to by that directory entry. The U/S and 
R/W bits for a given page are obtained by taking the 
most restrictive of the U/S and R/W bits from the Page 
Directory Table entries and using these bits to address 
the page. 


Translation Look-Aside Buffer 


The Am386SXL microprocessor paging hardware is 
designed to support demand paged virtual memory 
systems. However, performance would degrade 
substantially if the processorwas required to access two 
levels of tables for every memory reference. To solve 
this problem, the Am3886SXL CPU keeps a cache of 
the most recently accessed pages; this cache is called 
the Translation Look-Aside Buffer (TLB). The TLB is 
a four-way set associative 32-entry Page Table cache. 
lt automatically keeps the most commonly used Page 
Table entries in the processor. The 32-entry TLB 
coupled with a 4K page size results in coverage of 128 
Kb of memory addresses. For many common multitask- 
ing systems, the TLB will have a hit rate of greater than 
98%. This means that the processor will only have to 
access the two-level page structure for less than 2% of 
all memory references. 


Paging Operation 


The paging hardware operates in the following fashion. 
The paging unit hardware receives a 32-bit linear 
address fromthe segmentation unit. The upper 20 linear 
address bits are compared with all 32 entries in the TLB 
to determine if there is a match. If there is a match (i.e.,a 
TLB hit), then the 24-bit physical address is calculated 
and is placed on the address bus. 


If the Page Table entry is not inthe TLB, the AmM386SXL 
microprocessor will read the appropriate Page Direc- 
tory entry. If P = 1 on the Page Directory entry, indi- 
cating that the Page Table is in memory, then the 
Am386SXL CPU will read the appropriate Page Table 
entry and set the Access bit. If P = 1 on the Page 
Table entry, indicating that the page is in memory, the 
Am386SXL microprocessor will update the Access and 
Dirty bits as needed and fetch the operand. The upper 
20 bits of the linear address, read from the Page Table, 


will be stored in the TLB for future accesses. If P =0 for 
either the Page Directory entry or the Page Table entry, 
then the processor will generate a Page Fault 
(Exception 14). 


The processor will also generate a Page Fault 
(Exception 14) if the memory reference violated the 
page protection attributes. CR2 will hold the linear 
address which caused the Page Fault. Since Exception 
14 is classified as a fault, CS:EIP will point to the 
instruction causing the Page Fault. The 16-bit error 
code, pushed as part of the Page Fault handler, will 
contain status bits which indicate the cause of the Page 
Fault. 


The 16-bit error code is used by the operating system to 
determine how to handle the Page Fault. Figure 20 
shows the format of the Page Fault error code and the 
interpretation of the bits. Even though the bits in the 
error code (U/S, W/R, and P) have similar names as the 
bits in the Page Directory/Table Entries, the interpreta- 
tion of the error code bits is different. Figure 21 indicates 
what type of access caused the Page Fault. 





Figure 20. Page Fault Error Code Format 


U/S: The U/S bit indicates whether the access causing 
the fault occurred when the processor was executing in 
User Mode (U/S = 1) or in Supervisor mode (U/S = 0). 


W/R: The W/R bit indicates whether the access causing 
the fault was a Read (W/R = 0) or a Write (W/R = 1). 


P: The P bit indicates whether a Page Fault was caused 
by anot-present page (P = 0), or by a page level protec- 
tion violation (P=1). 


U = Undefined 


[ws [Wik | Access Type 


Supervisor* Read 







Supervisor Write 
User Read 
User Write 


“Descriptor table access will fault with U/S = 0, even if the program is 
executing at level 3. 


Figure 21. Type of Access Causing Page Fault 





Operating System Responsibilities 


When the operating system enters or exits paging mode 
(by setting or resetting bit 31 in the CRO register), a 
short JMP must be executed to flush the AmM386SXL 
microprocessor’s prefetch queue. This ensures that all 
instructions executed after the address mode change 
will generate correct addresses. 


The AmM386SXL microprocessor takes care of the page 
address translation process, relieving the burden from 
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an operating system in a demand-paged system. The 
operating system is responsible for setting up the initial 
Page Tables and handling any Page Faults. The 
operating system is also required to invalidate (i.e., 
flush) the TLB when any changes are made to any of the 
Page Table entries. The operating system must reload 
CR3 to cause the TLB to be flushed. 


Setting up the tables is simply a matter of loading CR3 
with the address of the Page Directory, and allocating 
space for the Page Directory and the Page Tables. The 
primary responsibility of the operating system is to 
implement a swapping policy and handle all of the Page 
Faults. 


A final concern of the operating system is to ensure that 
the TLB cache matches the information in the paging 
tabies. In particular, any time the operating systems sets 
the P (Present) bit of Page Table entry to zero, the TLB 
must be flushed by reloading CR3. Operating systems 
may want to take advantage of the fact that CR3 is 
stored as part of a TSS, to give every task or group of 
tasks its own set of Page Tables. 


Virtual 8086 Environment 


The Am386SXL microprocessor allows the execution of 
8086 application programs in both Real Mode and in 
Virtual 8086 Mode. The Virtual 8086 Mode allows the 
execution of 8086 applications, while still allowing 
the system designer to take full advantage of the 
Am386SXL CPU's protection mechanism. 


Virtual 8086 Addressing Mechanism 


One of the major differences between AM386SXL CPU 
Real and Protected modes is how the segment 
selectors are interpreted. When the processor is 
executing in Virtual 8086 Mode, the segment registers 
are used in a fashion identical to Real Mode. The 
contents of the segment register are shifted left four 
bits and added to the offset to form the segment base 
linear address. 


The AM386SXL microprocessor allows ihe operating 
system to specify which programs use the 8086 address 
mechanism and which programs use Protected Mode 
addressing on a per task basis. Through the use of 
paging, the 1-Mb address space of the Virtual Mode task 
can be mapped to anywhere in the 4-Gb linear address 
space of the Am386SXL CPU. Like Real Mode, Virtual 
Mode addresses that exceed 1 Mb will cause an Excep- 
tion 13. However, these restrictions should not prove to 
be important, because most tasks running in Virtual 
8086 Mode will simply be existing 8086 application 
programs. 


Paging in Virtual Mode 


The paging hardware allows the concurrent running of 
multiple Virtual Mode tasks, and provides protection and 
operating system isolation. Although it is not Strictly 
necessary to have the paging hardware enabled to run 
Virtual Mode tasks, it is needed in order to run multiple 
Virtual Mode tasks or to relocate the address space of a 
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Virtual Mode task to physical address space greater 
than 1 Mb. 


The paging hardware allows the 20-bit linear address 
produced by a Virtual Mode program to be divided into 
as many as 256 pages. Each one of the pages can be 
located anywhere within the maximum 16-Mb physical 
address space of the AmM386SXL microprocessor. In 
addition, since CR3 (the Page Directory Base Register) 
is loaded by a task switch, each Virtual Mode task can 
use a different mapping scheme to map pages to 
different physical locations. Finally, the paging 
hardware allows the sharing of the 8086 operating 
system code between multiple 8086 applications. 


Protection and I/O Permission Bit Map 


All Virtual Mode programs execute at privilege level 3. 
As such, Virtual Mode programs are subject to all of the 
protection checks defined in Protected Mode. This 
is different from Real Mode, which implicitly is executing 
at privilege level 0. Thus, an attempt to execute a 
privileged instruction in Virtual Mode will cause an 
Exception 13 fault. 


The following are privileged instructions, which may be 
executed only at Privilege level 0. Attempting to execute 
these instructions in Virtual 8086 Mode (or anytime 
CPL => 0) causes an Exception 13 fault: 


Lip Ty MOV DRn, REG; MOV reg,DRn; 
LGD Tl; MOV TRn, reg; MOV reg,TRn; 
LMSW; MOV CRn, reg; MOV reg,CRn; 
GLIS? 

Hits 


Several instructions, particularly those applying to the 
multitasking and the protection model, are available 
only in Protected Mode. Therefore, attempting to exe- 
cute the following instructions in Real Mode or in Virtual 
8086 Mode generates an Exception 6 fault: 


LTR; STR; 

SD 5 oLDT.; 
LAR; VERR; 
LS.L; VERW; 
ARPL; 


The instructions which are IOPL sensitive in Protected 

Mode are: 
IN? 
OUT; 
INS; 
OUTS; 
REP INS; 
REP OUTS; 


Sit; 
CLI 


In Virtual 8086 Mode the following instructions are lIOPL 
sensitive: 


INT n; noe bt 
PUSHE; C fia? 
POPES. IRET; 
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The PUSHF, POPF, and IRET instructions are IOPL 
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag to be virtualized to the virtual 8086 
Mode program. The INT n software interrupt instruction 
is also IOPL sensitive in Virtual 8086 Mode. Note that 
the INT 3, INTO, and BOUND instructions are not IOPL 
sensitive in Virtual 8086 Mode. 


The I/O instructions that directly refer to addresses in 
the processor’s I/O space are IN, INS, OUT, and OUTS. 
The Am386SXL microprocessor has the ability to 
selectively trap references to specific I/O addresses. 
The structure that enables selective trapping is the I/O 
Permission Bit Map in the TSS segment (see Figures 15 
and 16). The I/O permission map is a bit vector. The size 
of the map and its location in the TSS segment are 
variable. The processor locates the I/O permission map 
by means of the I/O map base field in the fixed portion of 
the TSS. The I/O map base field is 16-bits wide and 
contains the offset of the beginning of the I/O permission 
map. 


In protected mode, when an I/O instruction (IN, INS, 
OUT, or OUTS) is encountered, the processor first 
checks whether CPL < IOPL. If this condition is true, the 
I/O operation may proceed. If not true, the processor 
checks the I/O permission map (in Virtual 8086 Mode, 
the processor consults the map without regard for the 
IOPL). 


Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at I/O 
map base +5, bit offset 1. The processor tests all the bits 
that correspond to the I/O addresses spanned by an I/O 
operation; for example, a Dword operation tests four 
bits corresponding to four adjacent byte addresses. If 
any tested bit is set, the processor signals a general 
protection exception. If all the tested bits are zero, the 
I/O operations may proceed. 


It is not necessary for the I/O permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by the map are treated as if they had one-bits in 
the map. The I/O map base should be at least one byte 
less than the TSS limit; the last byte beyond the I/O 
mapping information must contain all 1s. 


Because the I/O permission map is inthe TSS segment, 
different tasks can have different maps. Thus, the 
operating system can allocate ports to a task by 
changing the I/O permission map in the task’s TSS. 


Important Implementation Note: Beyond the last byte 
of I/O mapping information in the I/O permission bit map 
must be a byte containing all 1s. The byte of all 1s must 
be within the limit of the Am386SXL CPU TSS segment 
(see Figure 15). 


Interrupt Handling 


In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mode are handled in 
a unique fashion. When running in Virtual Mode all 
interrupts and exceptions involve a privilege change 
back to the host Am386SXL microprocessor operating 
system. The Am386SXL CPU operating system deter- 
mines if the interrupt comes from a Protected Mode 


application, or from a Virtual Mode program, by 
examining the VM bit in the EFLAGS image stored on 
the stack. 


When a Virtual Mode program is interrupted, and 
execution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in the 
EFLAG image on the stack. 


The Am386SXL microprocessor operating system in 
turn handles the exception or interrupt and then returns 
control to the 8086 program. The AmM386SXL micro- 
processor operating system may choose to let the 8086 
operating system handle the interrupt, or it may emu- 
late the function of the interrupt handler. For example, 
many 8086 operating system calls are accessed by 
PUSHing parameters on the stack, and then executing 
an INT rn instruction. If the IOPL is set to 0, then all 
INT ninstructions will be intercepted by the Am386SXL 
CPU operating system. 


An Am386SXL microprocessor operating system can 
provide a Virtual 8086 environment which is totally 
transparent to the application software by intercepting 
and then emulating 8086 operating system’s calls, and 
intercepting IN and OUT instructions. 


Entering and Leaving Virtual 8086 Mode 


Virtual 8086 Mode is entered by executing a 32-bit IRET 
instruction at CPL = 0, where the stack has a 1 in the 
VM bit of its EFLAGS image, or a Task Switch (at any 
CPL) to an Am386SXL microprocessor task whose 
Am386SXL CPU TSS has an EFLAGS image 
containing a 1 inthe VM bit position, while the processor 
is executing in the Protected Mode. POPF does not 
affect the VM bit, buta PUSHF always pushes a 0 inthe 
VM bit. 


The transition out of Virtual 8086 Mode to Protected 
Mode occurs only on receipt of an interrupt or exception. 
In Virtual 8086 Mode, all interrupts and exceptions 
vector through the Protected Mode IDT, and enter an 
interrupt handler in Protected Mode. As part of the 
interrupt processing the VM bit is cleared. 


Because the matching IRET must occur from Level 0, 
Interrupt or Trap Gates used to field an interrupt or 
exception out of Virtual 8086 Mode must perform an 
inter-level interrupt only to Level 0. Interrupt or Trap 
Gates through conforming segments, or through 
segments with DPL > 0, will raise a GP fault with the CS 
selector as the error code. 


Task Switches To/From Virtual 8086 Mode 


Tasks which can execute in Virtual 8086 Mode must be 
described by a TSS with the Am386SXL CPU format 
(Type 9 or 11 descriptor). A task switch out of Virtual 
8086 Mode will operate exactly the same as any other 
task switch out of a task with an AmM386SXL CPU TSS. 
All of the programmer visible state, including the 
EFLAGS register with the VM bit set to 1, is stored inthe 
TSS. The segment registers in the TSS will contain 8086 
segment base values rather than selectors. 


A task switch into a task described by an Am386SXL 
CPU TSS will have an additional check to determine if 
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the incoming task should be resumed in Virtual 8086 
Mode. Tasks described by 80286 format TSSs cannot 
be resumed in Virtual 8086 Mode, so no check is re- 
quired there (the FLAGS image in 80286 format TSS 
has only the low-order 16 FLAGS bits). Before loading 
the segment register images from an Am386SXL CPU 
TSS, the FLAGS image is loaded, so that the segment 
registers are loaded from the TSS image as 8086 
segment base values. The task is now ready to resume 
in Virtual 8086 Mode. 


Transitions Through Trap and Interrupt Gates, and 
IRET 


A task switch is one way to enter or exit Virtual 8086 
Mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and to 
enter as part of executing an IRET instruction. The 
transition out must use an AM386SXL CPU Trap Gate 
(Type 14), or AmM386SXL CPU Interrupt Gate (Type 15), 
which must point to a non-conforming Level 0 segment 
(DPL = 0) in order to permit the trap handler to IRET 
back to the Virtual 8086 program. The Gate must point 
to a non-conforming Level 0 segment to perform a level 
switch to Levei 0 so that the matching IRET can change 
the VM bit. Am386SXL CPU gates must be used since 
80286 gates save only the lower 16 bits of the EFLAGS 
register (the VM bit will not be saved). Also, the 16-bit 
IRET used to terminate the 80286 interrupt handler will 
pop only the lower 16 bits from FLAGS, and will not 
affect the VM bit. The action taken for an AmM386SXL 
CPU Trap or Interrupt gate, if an interrupt occurs while 
the task is executing in Virtual 8086 Mode, is given by 
the following sequence: 


1. Save the FLAGS register in a temp to push later. 
Turn off the VM, TF, and IF bits. 


2. Interrupt and Trap gates must perform a level switch 
from 3 (where the Virtual 8086 Mode program 
executes) to 0 (so IRET can return). 


3. Pushthe 8086 segment register values onto the new 
stack, in this order: GS, FS, DS, and ES. These are 
pushed as 32-bit quantities. Then load these 4 
registers with null selectors (0). 


4. Push the old 8086 stack pointer onto the new stack 
by pushing the SS register (as 32 bits), then pushing 
the 32-bit ESP register saved above. 


5. Push the 32-bit EFLAGS register saved in step 1. 


6. Push the old 8086 instruction onto the new stack by 
pushing the CS register (as 32 bits), then pushing the 
32-bit EIP register. 


7. Load up the new CS:EIP value from the interrupt 
gate, and begin execution of the interrupt routine in 
protected mode. 


The transition out of Virtual 8086 Mode performs a level 
change and stack switch, in addition to changing back to 
protected mode. Also, all of the 8086 segment register 
images are stored on the stack (behind the SS:ESP 
image), and then loaded with null (0) selectors before 
entering the interrupt handler. This will permit the 
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handler to safely save and restore the DS, ES, FS, and 
GS registers as 80286 selectors. This is needed so that 
interrupt handlers, which do not care about the mode of 
the interrupted program, can use the same prologue 
and epilogue code for state saving, regardless of 
whether or not a native mode or Virtual 8086 Mode 
program was interrupted. Restoring null selectors to 
these registers before executing the IRET will cause a 
trap in the interrupt handler. Interrupt routines which 
expect or return values in the segment registers will 
have to obtain/return values from the 8086 register 
images pushed onto the new stack. They will need to 
know the mode of the interrupted program in order to 
know where to find/return segment registers, and also to 
know how to interpret segment register values. 


The IRET instruction will perform the inverse of the 
above sequence. Only the extended IRET instruction 
(operand size = 32) can be used, and must be executed 
at Level 0, to change the VM bit to 1. 


1. Ifthe NT bit inthe FLAGS register is On, an intertask 
return is performed. The current state is stored in the 
current TSS, and the link field in the current TSS is 
used to locate the TSS for the interrupted task which 
is to be resumed. Otherwise, continue with the 
following sequence. 


2. Read the FLAGS image from SS:8[ESP] into the 
FLAGS register. This will set VM to the value active 
in the interrupted routine. 


3. Pop off the instruction pointer CS:EIP. EIP is pop- 
pedfirst, then a 32-bit word is popped which contains 
the CS value in the lower 16 bits. If VM = 0, this CS 
load is done as a protected mode segment load. If 
VM = 1, this will be done as an 8086 segment load. 


4. Increment the ESP register by 4 to bypass the 
FLAGS image which was popped in step 1. 


5. If VM = 1, load segment registers ES, DS, FS, and 
GS from memory locations SS:[ESP +8], SS:[ESP + 
12], SS[ESP + 16], and SS:[ESP = 20], respectively, 
where the new value of ESP stored in step 4 is used. 
Since VM = 1, these are done as 8086 segment 
register loads. 


Else if VM=0, check that the selectors in ES, DS, 
FS, and GS are valid in the interrupted routines. Null 
out invalid selectors to trap, if an attempt is made to 
access through them. 


6. If RPL (CS) > CPL, pop the stack pointer SS:ESP 
from the stack. The ESP register is popped first, 
followed by 32 bits containing SS in the lower 16 
bits. If VM = 0, SS is loaded as a protected mode 
segment register load. If VM = 1, an 8086 segment 
register load is used. 


7. Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine’s stack image in step 1) determines 
whether the processor resumes the interrupted 
routine in Protected Mode or Virtual 8086 Mode. 
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FUNCTIONAL DATA 


The Am386SXL microprocessor features a straight- 
forward functional interface to the external hardware. 
The Am386SXL CPU has separate parallel buses for 
data and address. The data bus is 16-bits in width, 
and bi-directional. The address bus outputs 24-bit 
address values using 23 address lines and two Byte 
Enable signals. 


The Am386SXL microprocessor has two selectable 
address bus cycles: address pipelined and non-address 
pipelined. The address pipelining option allows as much 
time as possible for data access by starting the pending 
bus cycle before the present bus cycle is finished. A 
non-pipelined bus cycle gives the highest bus 
performance by executing every bus cycle in two 
processor CLK cycles. For maximum design flexibility, 
the address pipelining option is selectable on a 
cycle-by-cycle basis. 


The processor’s bus cycle is the basic mechanism for 
information transfer, either from system to processor, or 
from processor to system. The AmM386SXL micropro- 
cessor bus cycles perform data transfer in a minimum of 
only two clock periods. The maximum transfer band- 
width at 16 MHz is therefore 16 Mb/s. However, any 
bus cycle will be extended for more than two clock per- 
iods if external hardware withholds acknowledgment of 
the cycle. 


The Am386SXL microprocessor can relinquish control 
of its local buses to allow mastership by other devices, 
such as Direct Memory Access (DMA) channels. When 








relinquished, HLDA is the only output pin driven by the 
Am386SXL microprocessor, providing near complete 
isolation of the processor from its system (all other 
output pins are in a float condition). 


Signal Description Overview 


Below is a brief description of the AmM386SXL micropro- 
cessor input and output signals arranged by functional 
groups. 


Example signal: M/IO—High voltage indicates memory 
selected 

—Low voltage 
selected 


The signal descriptions sometimes refer to Switching 
timing parameters, such as t25 Reset Setup Time and 
t26 Reset Hold Time. The values of these parameters 
can be found in the Switching Characteristics table. 


Clock (CLK2) 


CLK2 provides the fundamental timing for the 
Am386SXL microprocessor. It is divided by two inter- 
nally to generate the internal processor clock used for 
instruction execution. The internal clock is comprised of 
two phases, phase one and phase two. Each CLK2 
period is a phase of the internal clock. Figure 23 
illustrates the relationship. If desired, the phase of the 
internal processor clock can be synchronized to a 
known phase by ensuring the falling edge of the RESET 
signal meets the applicable setup and hold times, t25 
and t26. 


indicates I/O 
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Figure 22. Functional Signal Groups 
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Figure 23. CLK2 Signal and Internal Processor Clock 


Data Bus (D15—D0) 


These three-state, bi-directional signals provide the 
general purpose data path between the Am386SXL 
microprocessor and other devices. The data bus 
outputs are active High and will float during Bus Hold 
Acknowledge. Data bus reads require that read-data 
setup and hold times (t21 and t22) be met relative to 
CLK2 for correct operation. 


Address Bus (A23—A1, BHE, BLE) 


These three-state outputs provide physical memory 
addresses or I/O port addresses. A23-A16 are Low 
during |/O transfers, except for I/O transfers automati- 
cally generated by coprocessor instructions. During 
coprocessor 1/O transfers, A22—-A16 are driven Low 
and A23 is driven High, so that this address line can be 
used by external logic to generate the coprocessor 
select signal. Thus, the I/O address driven by the 
Am386SXL microprocessor for coprocessor commands 
is 8000F8H, the I/O addresses driven by the AmM386SXL 
CPU for coprocessor data are 8000FCH or 8000FEH 
or cycles to a 387SX math coprocessor. 


The address bus is capable of addressing 16 Mb of 
physical memory space (OOO000H through FFFFFFH), 
and 64 Kb of I/O address space (O0Q0000H through 
OOFFFFH) for programmed I/O. The address bus is 
active High and will float during Bus Hold Acknowledge. 


The Byte Enable outputs, BHE and BLE, directly 
indicate which bytes of the 16-bit data bus are involved 
with the current transfer. BHE applies to D15—D8 and 
BLE applies to D7—DO. If both BHE and BLE are 
asserted, then 16 bits of data are being transferred. See 
Table 13 for a complete decoding of these signals. The 
Byte Enables are active Low and will float during Bus 
Hold Acknowledge. 


Bus Cycle Definition Signals (W/R, D/C, M/O, 
LOCK) 


These three-state outputs define the type of bus cycle 
being performed: W/R distinguishes between write and 
read cycles; D/C distinguishes between data and 
control cycles; M/IO distinguishes between memory and 
I/O cycles; and, LOCK distinguishes between locked 
and unlocked bus cycles. All of these signals are active 
Low and will float during Bus Acknowledge. 


The primary bus cycle definition signals are W/R, D/C, 
and M/IO, since these are the signals driven valid as 
ADS (Address Status output) becomes active. The 
LOCK is driven valid at the same time the bus cycle be- 
gins, which, due to address pipelining, could be after 
ADS becomes active. Exact bus cycle definitions, as a 
function of W/R, D/C, and M/O, are given in Table 14. 





Table 13. Byte Enable Definitions 


Word Transfer 
Byte transfer on upper byte 


of the data bus, D15—D8 


Byte transfer on lower byte 
of the data bus, D7—DO 


Never occurs 





LOCK indicates that other system bus masters are not 
to gain control of the system bus while it is active. LOCK 
is activated on the CLK2 edge that begins the first 
locked bus cycle (i.e., it is not active at the same time as 
the other bus cycle definition pins) and is deactivated 
when READY is returned at the end of the last bus cycle 
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Table 14. Bus Cycle Definition 
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which is to be locked. The beginning of a bus cycle is 
determined when READY is returned in a previous bus 
cycle and another is pending (ADS is active), or the 
clock in which ADS is driven active if the bus was idle. 
This means that it follows more closely with the write 
data rules when it is valid, but may cause the bus to 
be locked longer than desired. The LOCK signal may 
be explicitly activated by the LOCK prefix on certain 
instructions. 


LOCK is always asserted when executing the XCHG 
instruction, during descriptor updates, and during the 
interrupt acknowledge sequence. 


Bus Control Signals (ADS, READY, NA) 


The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 


Address Status (ADS) 
This three-state output indicates that a valid bus cycle 


definition and address (W/R, D/C, MAO, BHE, BLE, and 
A23—A1) are being driven at the Am386SXL micropro- 
cessor pins. ADS is an active Low output. Once ADS 
is driven active, valid address, Byte Enables, and defini- 
tion signals will not change. In addition, ADS will remain 
active until its associated bus cycle begins (when 
READY is returned for the previous bus cycle when 
running pipelined bus cycles). When address pipe- 
lining is utilized, maximum throughput is achieved by 
initiating bus cycles when ADS and READY are active in 
the same clock cycle. ADS will float during Bus Hold 
Acknowledge. See sections Non-Pipelined Address 
and Pipelined Address for additional information on how 
ADS is asserted for different bus states. 














some Cycles 


Some Cycles 


Transfer Acknowledge (READY) 


This input indicates the current bus cycle is complete, 
and the active bytes indicated by BHE and BLE are 
accepted or provided. When READY is sampled active 
during a read cycle or interrupt acknowledge cycle, the 
Am386SXL microprocessor latches the input data and 
terminates the cycle. When READY is sampled active 
during a write cycle, the processor terminates the bus 
cycle. 


READY is ignored on the first bus state of all bus cycles, 
and sampled each bus state thereafter until asserted. 
READY must eventually be asserted to acknowledge 
every bus cycle, including Halt Indication and Shutdown 
Indication bus cycles. When being sampled, READY 
must always meet setup and hold times (t19 and t20) 
for correct operation. 


Next Address Request (NA) 


This is used to request address pipelining. This input 
indicates the system is prepared to accept new values 
of BHE, BLE, A23-A1, W/R, D/C, and M/IO from the 
Am386SXL CPU even if the end of the current cycle is 
not being acknowledged on READY. If this input is active 
when sampled, the next address is driven onto the bus, 
provided the next bus request is already pending 
internally. NA is ignored in CLK cycles in which ADS or 
READY is activated. This signal is active Low and must 
satisfy setup and hold times (t15 and t16) for correct 
operation. See sections Read and Write Cycles and 
Pipelined Address for additional information. 
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Bus Arbitration Signals (HOLD, HLDA) 


This section describes the mechanism by which the 
processor relinquishes control of its local buses when 
requested by another bus master device. See section 
Entering and Exiting Hold Acknowledge for additional 
information. 


Bus Hold Request (HOLD) 


This input indicates some device other than the 
Am386SXL microprocessor requires bus mastership. 
When control is granted, the Am386SXL CPU floats 
A23-A1, BHE, BLE, D15-D0, LOCK, M/IO, D/C, WR, 
and ADS, and then activates HLDA, thus entering the 
Bus Hold Acknowledge state. The local bus will remain 
granted to the requesting master until HOLD becomes 
inactive. When HOLD becomes inactive, the 
Am386SXL microprocessor will deactivate HLDA and 
drive the local bus (at the same time), thus terminating 
the Hold Acknowledge condition. 


HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resistors 
may be required when in the Hold Acknowledge (HLDA) 
state, since none of the Am386SXL microprocessor 
floated outputs have internal pull-up resistors. See sec- 
tion Resistor Recommendations for additional infor- 
mation. HOLD is not recognized while RESET is active. 
If RESET is asserted while HOLD is asserted, RESET 
has priority and places the bus into an idle state, rather 
than the Hold Acknowledge (high impedance) state. 


HOLD is a level-sensitive, active High, synchronous 
input. HOLD signals must always meet setup and hold 
times (t23 and t24) for correct operation. 


Bus Hold Acknowledge (HLDA) 


When active (High), this output indicates the 
Am386SXL microprocessor has relinquished control of 
its local bus in response to an asserted HOLD signal, 
and is in the Bus Hold Acknowledge state. 


The Bus Hold Acknowledge state offers near complete 
signal isolation. In the HLDA state is the only signal 
being driven by the AmM386SXL microprocessor. The 
other output or bi-directional signals (D15-DO, BHE, 
BLE, A23-A1, W/R, D/C, M/IO, LOCK, and ADS) are in 
a high-impedance state so the requesting bus master 
may control them. These pins remain Off throughout the 
time that HLDA remains active (see Table 15). Pull-up 
resistors may be desired on several signals to avoid 
spurious activity when no bus master is driving them. 
See section Resistor Recommendations for additional 
information. 


When the HOLD signal is made inactive, the AM386SXL 
microprocessor will deactivate HLDA and drive the bus. 
One rising edge on the NMI input is remembered for 
processing after the HOLD input is negated. 
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Table 15. Output Pin State During HOLD 


1 HLDA 
Float LOCK, M/IO, D/C, W/R, ADS, 


A23—A1, BHE, BLE, D15—D0O 












In addition to the normal usage of Hold Acknowledge 
with DMA controllers or master peripherals, the near 
complete isolation has particular attractiveness during 
system test when test equipment drives the system, and 
in hardware fault-tolerant applications. 


HOLD Latencies 


The maximum possible HOLD latency depends on the 
software being executed. The actual HOLD latency at 
any time depends on the current bus activity, the state of 
the LOCK signal (internal to the CPU) activated by the 
LOCK prefix, and interrupts. The Am386SXL micropro- 
cessor will not honor a HOLD request until the current 
bus operation is complete. 


The AmM386SXL microprocessor breaks 32-bit data or 
I/O accesses into 2 internally locked 16-bit bus cycles; 
the LOCK signal is not asserted. The AmM386SXL micro- 
processor breaks unaligned 16-bit or 32-bit data or I/O 
accesses into 2 or 3 internally locked 16-bit bus cycles. 
Again, the LOCK signal is not asserted but a HOLD 
request will not be recognized until the end of the entire 
transfer. 


Wait states affect HOLD latency. The Am386SXL micro- 
processor will not honor a HOLD request until the end of 
the current bus operation, no matter how many wait 
states are required. Systems with DMA where data 
transfer is critical must insure that READY returns 
promptly. 











Coprocessor Interface Signals (PEREQ, BUSY, 
ERROR) 


In the following sections are descriptions of signals 
dedicated to the math coprocessor interface. In addition 
to the data bus, address bus, and bus cycle definition 
signals, the following signals control communication 
between the Am386SXL microprocessor and its 387SX 
math coprocessor extension. 


Coprocessor Request (PEREQ) 


When asserted (High), this input signal indicates a 
coprocessor request for a data operand to be 
transferred to/from memory by the Am386SXL Micro- 
processor. Inresponse, the Am386SXL microprocessor 
transfers information between the math coprocessor 
and memory. Because the Am386SXL CPU has 
internally stored the math coprocessor op-code being 
executed, it performs the requested data transfer with 
the correct direction and memory address. 
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PEREQ is level-sensitive active High asynchronous 
signal. Setup and hold times (t29 and t30) relative to 
the CLK2 signal must be met to guarantee recognition 
at a particular clock edge. This signal is provided with a 
weak internal pull-down resistor of around 20 Kohms to 
Ground so that it will not float active when left 
unconnected. 


Coprocessor Busy (BUSY) 


When asserted Low, this input indicates that the 
coprocessor is still executing an instruction, and is not 
yet able to accept another. When the Am386SXL micro- 
processor encounters any coprocessor instruction 
which operates on the numerics stack (e.g., load, pop, 
or arithmetic operation), or the WAIT instruction, this 
input is first automatically sampled until it is seen to be 
inactive. This sampling of the BUSY input prevents 
overrunning the execution of a previous coprocessor 
instruction. 


The FNINIT, FNSTENV, FNSAVE, FNSTSW, 
FNSTCW, and FNCLEX coprocessor instructions are 
allowed to execute even if BUSY is active, since these 
instructions are used for coprocessor initialization and 
exception-clearing. 








BUSY is an active Low, level-sensitive, asynchronous 
signal. Setup and hold times (t29 and t30), relative to 
the CLK2 signal, must be met to guarantee recognition 
at a particular clock edge. This pin is provided with 
a weak internal pull-up resistor of around 20 Kohms to 
Vee SO that it will not float active when left unconnected. 


BUSY serves an additional function. If BUSY is sampled 
Low at the falling edge of RESET, the AM386SXL micro- 
processor performs an internal self-test (see section 
Bus Activity During and Following Reset). If BUSY is 
sampled High, no self-test is performed. 


Coprocessor Error (ERROR) 


When asserted Low, this input signal indicates that 
the previous coprocessor instruction generated a 
coprocessor error of a type not masked by the 
coprocessor’s control register. This input is auto- 
matically sampled by the Am3886SXL microprocessor 
when a coprocessor instruction is encountered, and 
if active, the AmM3886SXL CPU generates Exception 16 
to access the error-handling software. 


Several coprocessor instructions, generally those which 
clear the numeric error flags in the coprocessor or save 
coprocessor state, do execute without the AmM386SXL 
CPU generating Exception 16 even if ERROR is active. 
These instructions are FNINIT, FNCLEX, FNSTSW, 
FNSTSWAX, FNSTCW, FNSTENV, and FNSAVE. 


ERROR is an active Low, level-sensitive, asynchronous 
signal. Setup and hold times (t29 and t30), relative to 
the CLK2 signal, must be met to guarantee recognition 
at a particular clock edge. This pin is provided with a 
weak internal pull-up resistor of around 20 Kohms to V,,, 
so that it will not float active when left unconnected. 





Interrupt Signals (INTR, NMI, RESET) 


The following descriptions cover inputs that can 
interrupt or suspend execution of the processor's 
current instruction stream. 


Maskable Interrupt Request (INTR) 


When asserted, this input indicates a request for 
interrupt service, which can be masked by the 
Am386SXL microprocessor Flag Register IF bit. When 
the Am386SXL CPU responds to the INTR input, it 
performs two interrupt acknowledge bus cycles and, at 
the end of the second, latches an 8-bit interrupt vector 
on D7-D0 to identify the source of the interrupt. 


INTR is an active High, level-sensitive, asynchronous 
signal. Setup and hold times (t27 and t28), relative to 
the CLK2 signal, must be met to guarantee recognition 
at a particular clock edge. To assure recognition of an 
INTR request, INTR should remain active until the first 
interrupt acknowledge bus cycle begins. INTR is 
sampled at the beginning of every instruction in the 
Am386SXL microprocessor’s Execution Unit. In orderto 
be recognized at a particular instruction boundary, INTR 
must be active at least eight CLK2 clock periods before 
the beginning of the instruction. If recognized, the 
Am386SXL CPU will begin execution of the interrupt. 


Non-Maskable interrupt Request (NMI) 


This input indicates a request for interrupt service which 
cannot be masked by software. The non-maskable 
interrupt request is always processed according to the 
pointer or gate in slot 2 of the interrupt table. Because of 
the fixed NMI slot assignment, no interrupt acknowledge 
cycles are performed when processing NMI. 


NMI is an active High, rising edge-sensitive, asyn- 
chronous signal. Setup and hold times (t27 and t28), 
relative to the CLK2 signal, must be met to guarantee 
recognition at a particular clock edge. To assure 
recognition of NMI, it must be inactive for at least eight 
CLK2 periods, and then be active for at least eight CLK2 
periods before the beginning of the instruction boundary 
inthe AM386SXL microprocessor’s Execution Unit. 


Once NMI processing has begun, no additional NMI’s 
are processed until after the next IRET instruction, 
which is typically the end of the NMI service routine. If 
NMI is re-asserted prior to that time, however, one rising 
edge on NMI will be remembered for processing after 
executing the next IRET instruction. 


Interrupt Latency 


The time that elapses before an interrupt request is 
serviced (interrupt latency) varies according to several 
factors. This delay must be taken into account by the 
interrupt source. Any of the following factors can affect 
interrupt latency: 


1. If interrupts are masked, an INTR request will not be 
recognized until interrupts are re-enabled. 


2. If an NMI is currently being serviced, an incoming 
NMI request will not be recognized until the 
Am386SXL microprocessor encounters the IRET 
instruction. 
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3. An interrupt request is recognized only on an in- 
struction boundary of the Am386SXL microproces- 
sor’s Execution Unit except for the following cases: 


— Repeat string instructions can be interrupted after 
each iteration. 


—lIf the instruction loads the Stack Segment 
register, an interrupt is not processed until after 
the following instruction, which should be an ESP. 
This allows the entire stack pointer to be loaded 
without interruption. 


— If an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until after 
the next instruction. 


The longest latency occurs when the interrupt 
request arrives while the AmM386SXL microproces- 
sor is executing a long instruction such as 
multiplication, division, or a task switch in the Pro- 
tected Mode. 


4. Saving the Flags register and CS:EIP registers. 


5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 


6. If the interrupt service routine saves registers 
that are not automatically saved by the AmM386SXL 
microprocessor. 


Reset 


This input signal suspends any operation in progress 
and places the Am386SXL microprocessor in a known 
reset state. The AM386SXL CPU is reset by asserting 
RESET for 15 or more CLK2 periods (80 or more CLK2 
periods before requesting self-test). When RESET is 
active, all other input pins, except FLT, are ignored, and 
all other bus pins are driven to an Idle Bus state, as 
shown in Table 16. lf RESET and HOLD are both active 
at a point in time, RESET takes priority even if the 
Am386SXL microprocessor was in a Hold Acknowledge 
state prior to RESET active. 


Reset is an active High, level-sensitive, synchronous 
signal. Setup and hold times (t25 and t26) must be met 
in order to assure proper operation of the AmM386SXL 
microprocessor. 


Bus Transfer Mechanism 


All data transfers occur as a result of one or more bus 
cycles. Logical data operands of byte and word lengths 
may be transferred without restrictions on physical 
address alignment. Any byte boundary may be used, 
although two physical bus cycles are performed as 
required for unaligned operand transfers. 


The Am386SXL microprocessor address signals are 
designed to simplify external system hardware. Higher- 
order address bits are provided by A23—-A1. BHE and 
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BLE provide linear selects for the two bytes of the 16-bit 
data bus. 


Byte Enable outputs BHE and BLE are asserted when 
their associated data bus bytes are involved with the 
present bus cycle, as listed in Table 17. 


Each bus cycle is composed of at least two bus states. 
Each bus state requires one processor clock period. 
Additional bus states added to a single bus cycle are 
called wait states. See section Bus Functional 
Description. 


Table 16. Pin State (Bus Idle) During Reset 


| PinName Signal Level During Reset 


ADS 
D15-Do 
BHE, BLE 
A23-A1 


wR 
D/C 
M/iO 
LOCK 
HLDA 





Table 17. Byte Enables and Associated 
Data and Operand Bytes 


Byte Enable Signal Associated Data Bus Signals 


| D7—DO (Byte 0O—least significant) 
D15-D8 ( 












HE 








) 


Byte 1—most significant 


Memory and I/O Spaces 


Bus cycles may access physical memory space or I/O 
space. Peripheral devices in the system may either be 
memory-mapped, |/O-mapped, or both. As shown in 
Figure 24, physical memory addresses range from 
000000H to OFFFFFFH (16 Mb) and I/O addresses from 
000000H to OOFFFFH (64 kb). Note the I/O addresses 
used by the automatic I/O cycles for coprocessor 
communication are 8000F8H to 8000FFH, beyond the 
address range of programmed I/O, to allow easy 
generation of a coprocessor chip select signal using the 
A23 and M/IO signals. 


Bus Functional Description 


The Am386SXL microprocessor has separate, parallel 
buses for data and address. The data bus is 16-bits in 
width, and bi-directional. The address bus provides a 
24-bit value using 23 signals for the 23 upper-order 
address bits and 23 Byte Enable signals to directly indi- 
cate the active bytes. These buses are interpreted and 
controlled by several definition signals. 
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Note: Since A23 is High during automatic communication with coprocessor, A23 High and M/IO Low can be used to easily generate a 
coprocessor select signal. 
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Figure 24. Physical Memory and I/O Spaces 
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Figure 25. Fastest Read Cycles with Non-Pipelined Address Timing 
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The definition of each bus cycle is given by three 
signals: M/IO, W/R, and D/C. At the same time, a valid 
address is present on the Byte Enable signals, BHE 
and BLE, and the other address signals, A23-A1. A 
status signal, ADS, indicates when the Am386SXL mi- 
croprocessor issues a new bus cycle definition and 
address. 

Collectively, the address bus, data bus, and all assoc- 
iated control signals are referred to simply as the bus. 
When active, the bus performs one of the bus cycles 
below: 


1. Read from memory space; 

2. Locked read from memory space; 

3. Write to memory space; 

4. Locked write to memory space; 

5. Read from I/O space (or math coprocessor); 


6. Write to I/O space (or math coprocessor); 
7. Interrupt acknowledge (always locked); 
8. Indicate halt, or indicate shutdown. 


Table 14 shows the encoding of the bus cycle definition 
signals for each bus cycle. See section Bus Cycle Defi- 
nition Signals for additional information. 


When the Am386SXL microprocessor bus is not per- 
forming one of the activities listed above, it is either idle 
or in the Hold Acknowledge state, which may be 
detected externally. The idle state can be identified by 
the Am386SXL CPU giving no further assertions on its 
address strobe output (ADS) since the beginning of its 
most recent cycle, and the most recent bus cycle having 
been terminated. The Hold Acknowledge state is identi- 
fied by the Am386SXL microprocessor asserting its 
Hold Acknowledge (HLDA) output. 
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Figure 26. Fastest Read Cycles with Pipelined Address Timing 
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The shortest time unit of bus activity is a bus state. A bus 
state is one processor clock period (two CLK2 periods) 
in duration. A complete data transfer occurs during a 
bus cycle, composed of two or more bus states. 


The fastest Am3886SXL microprocessor bus cycle 
requires only two bus states. For example, three 
consecutive bus read cycles, each consisting of two bus 
states, are shown in Figure 25. The bus states in each 
cycle arenamed T1 and T2. Any memory or I/O address 
may be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 


Every bus cycle continues until it is acknowledged by 
the external system hardware, using the AmM386SXL 
microprocessor READY input. Acknowledging the bus 
cycle at the end of the first T2 results in the shortest bus 
cycle, requiring only T1 and T2. If READY is not 
immediately asserted however, [2 states are repeated 
indefinitely until the READY input is sampled active. 








The address pipelining option provides a choice of bus 
cycle timings. Pipelined or non-pipelined address timing 
is selectable on a cycle-by-cycle basis with the Next 
Address (NA) input. 


When address pipelining is selected, the address (BHE, 
BLE, and A23-A1) and definition (W/R, D/C, M/O, and 
LOCK) of the next cycle are available before the end of 
the current cycle. To signal their availability, the 
Am386SXL microprocessor address status output 
(ADS) is asserted. Figure 26 illustrates the fastest read 
cycles with pipelined address timing. 


Note from Figure 26 the fastest bus cycles using 
pipelined address require only two bus states, named 
T1P and T2P. Therefore, cycles with pipelined address 
timing allow the same data bandwidth as non-pipelined 
cycles, but address-to-data access time is increased by 
one T-state time compared to that of a non-pipelined 
cycle. 
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Note: Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state; an active bus cycle 
can immediately follow the write cycle. 
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Figure 27. Various Bus Cycles with Non-Pipelined Address (Zero Wait States) 
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Read and Write Cycles 


Data transfers occur as a result of bus cycles, classified 
as read or write cycles. During read cycles, data is 
transferred from an externa! device to the processor. 
During write cycles, data is transferred from the 
processor to an external device. 


Two choices of address timing are dynamically 
selectable: non-pipelined or pipelined. After an idle bus 
state, the processor always uses non-pipelined address 
timing. However, the NA (Next Address) input may be 
asserted to select pipelined address timing for the next 
bus cycle. When pipelining is selected and the 
Am386SXL microprocessor has a bus request pending 
internally, the address and definition of the next cycle is 
made available even before the current bus cycle is 
acknowledged by READY. 


Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY input. Until acknowledged, the processor 
inserts wait states into the bus cycle, to allow adjustment 








forthe speed of any external device. External hardware, 
which has decoded the address and bus cycle type, 
asserts the READY input at the appropriate time. 


At the end of the second bus state within the bus cycle, 
READY is sampled. At that time, if external hardware 
acknowledges the bus cycle by asserting READY, the 
bus cycle terminates as shown in Figure 27. If READY is 
negated, as in Figure 28, the AmM386SXL microproces- 
sor executes another bus state (a wait state) and 
READY is sampled again at the end of that state. This 
continues indefinitely until the cycle is acknowledged by 
READY asserted. 


When the current cycle is acknowledged, the 
Am386SXL microprocessor terminates it. When a read 
cycle is acknowledged, the AmM386SXL CPU latches the 
infor-mation present at its data pins. When a write cycle 
is acknowledged, the Am386SXL microprocessor’s 
write data remains valid throughout phase one of the 
next bus state, to provide write data hold time. 
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Note: idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state; an active bus cycle 


can immediately follow the write cycle. 
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Figure 28. Various Bus Cycles with Non-Pipelined Address (Various Number of Wait States) 
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Non-Pipelined Address 


Any bus cycle may be performed with non-pipelined 
address timing. For example, Figure 27 shows a mixture 
of read and write cycles with non-pipelined address 
timing. Figure 27 shows that the fastest possible cycles 
with non-pipelined address have two bus states per bus 
cycle. The states are named T1 and T2. In phase one of 
T1, the address signals and bus cycle definition signals 
are driven valid and, to signal their availability, address 


strobe (ADS) is simultaneously asserted. 


During read or write cycles the data bus behaves 
as follows. If the cycle is a read, the AmM386SXL micro- 
processor floats its data signal to allow driving by the 
external device being addressed. The Am386SXL mi- 
croprocessor requires that all data bus pins be at a valid 
logic state (High or Low) at the end of each read cycle, 
when READY is asserted. The system must be design- 
ed to meet this requirement. If the cycle is a write, data 
signals are driven by the AmM386SXL CPU beginning in 
phase two of T1 until phase one of the bus state 
following cycle acknowledgment. | 










HOLD Negated e No Request 


HOLD Asserted 





Figure 28 illustrates non-pipelined bus cycles with one 
wait state added to Cycles 2 and 3. READY is sampled 
inactive at the end of the first T2 in Cycles 2 and 3. 
Therefore, Cycles 2 and 3 have T2 repeated again. At 
the end of the second T2, READY is sampled active. 





When address pipelining is not used, the address and 
bus cycle definition remain valid during all wait states. 
When wait states are added, and it is desirable to 
maintain non-pipelined address timing, itis necessary to 
negate NA during each T2 state, except the last one, as 
shown in Figure 28, Cycles 2 and 3. If NA is sampled 
active during a T2 other than the last one, the next state 
would be T2I or T2P instead of another T2. 


The bus states and transitions, when address pipelining 
is not used, are completely illustrated by Figure 29. The 
bus transitions between four possible states, T1, T2, Ti, 
and Th. Bus cycles consist of T1 and T2, with T2 being 
repeated for wait states. Otherwise the bus may be idle, 
Ti, or in the Hold Acknowledge state Th. 


HOLD Asserted 





READY Asserted e HOLD Asserted 


HOLD Negated e 
Request Pending 


READY Asserted e HOLD Negated e No Request 


HOLD Negated e Ti 
No Request Request Pending e 
HOLD Negated 
RESET 
Asserted 
Bus States: 





T1— First clock of a non-pipelined bus cycle (Am386SXL CPU drives new address and asserts ADS). 
T2— Subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 


Ti — Idle state. 
Th— Hold Acknowledge state (Am386SXL CPU asserts HLDA). 


The fastest bus cycle consists of two states: T1 and T2. 


Four basic bus states describe bus operation when not using pipelined address. 


ALWAYS 
READY Asserted e 
HOLD Negated e 
Request Pending 
READY Negated e 
A Negated 
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Figure 29. Bus States (Not Using Pipelined Address) 
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Bus cycles always begin with T1. T1 always leads to T2. 
If a bus cycle is not acknowledged during T2 and NA is 
inactive, T2 is repeated. When a cycle is acknowledged 
during T2, the following state will be T1 of the next bus 
cycle, if abus request is pending internally, or Ti, ifthere 
is no bus request pending, or Th, if the HOLD input is 
being asserted. 


Use of pipelined address allows the Am386SXL micro- 
processor to enter three additional bus states not shown 
in Figure 29. Figure 33 is the complete bus state 
diagram, including pipelined address cycles. 


Pipelined Address 


Address pipelining is the option of requesting the 
address and the bus cycle definition of the next 
internally pending bus cycle before the current bus 
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cycle is acknowledged with READY asserted. ADS is 
asserted by the Am386SXL microprocessor when the 
next address is issued. The address pipelining option 
is controlled on a cycle-by-cycle basis with the NA 
input signal. 


Once a bus cycle is in progress and the current address 
has been valid for at least one entire bus state, the NA 
input is sampled at the end of every phase one until the 
bus cycle is acknowledged. During non-pipelined bus 
cycles, NA is sampled at the end of phase one in every 
T2. An example is Cycle 2 in Figure 30, during which 
NA is sampled at the end of phase one of every T2 
(it was asserted once during the first T2 and has no 
further effect during that bus cycle). 
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Note: Following any idle bus state (Ti), addresses are non-pipelined. Within non-pipelined bus cycles, NA is only sampled during 
wait states. Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires a non-pipelined 


cycle with at least one wait state (Cycle 2 above). 
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Figure 30. Transitioning to Pipelined Address During Burst of Bus Cycles 
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If NA is sampled active, the AM3886SXL microprocessor 
is free to drive the address and bus cycle definition of 
the next bus cycle, and assert ADS, as soon as it has 
a bus request internally pending. It may drive the next 
address as early as the next bus state, whether the 
current bus cycle is acknowledged at that time or not. 


Regarding the details of address pipelining, the 
Am386SXL CPU has the following characteristics: 


1. The next address may appear as early as the bus 
state after NA was sampled active (see Figures 30 
and 31). In that case, state T2P is entered immed- 
iately. However, when there is not an internal bus 
request already pending, the next address will not be 
available immediately after NA is asserted and [2l is 
entered instead of T2P (see Figure 32, Cycle 3). 


ledged by READY asserted, T2P will be entered as 
soon as the AmM386SXL microprocessor does drive 
the next address. External hardware should 
therefore observe the ADS output as confirmation 
the next address is actually being driven on the bus. 


. Any address which is validated by a pulse on the 


ADS output will remain stable on the address pins 
for at least two processor clock periods. The 
Am386SXL CPU cannot produce a new address 
more frequently than every two processor clock 
periods (see Figures 30, 31, and 32). 


. Only the address and bus cycle definition of the very 


next bus cycle is available. The pipelining capability 
cannot look further than one bus cycle ahead (see 
Figure 32, Cycle 1). 


Provided the current bus cycle is not yet acknow- 
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Note: Following any idle bus state (Ti) the address is always non-pipelined and NA is only sampled during wait states. To start 
address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (Cycle 1 above). The 
pipelined cycles (2, 3, and 4 above) are shown with various numbers of wait states. 
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Figure 31. Fastest Transition to Pipelined Address Following Idle Bus State 
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The complete bus state transition diagram, including The fastest bus cycle with pipelined address consists of 
operation with pipelined address, is given in Figure 33. just two bus states, T1P and T2P (recall for non- 
Note that it is a superset of the diagram for non-pipelined pipelined address it is T1 and T2). T1P is the first bus 
address only, and the three additional bus states for state of a pipelined cycle. 


pipelined address are drawn in bold. 
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Figure 32. Details of Address Pipelining During Cycles with Wait States 
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T1 — First clock of a non-pipelined bus cycle (Am386SXL CPU drives new (No Request + 
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in the current bus cycle. Request Pending NA Asserted 
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the current bus cycle but there is not yet an internal bus request pending 
(Am386SXL CPU will not drive new address or assert ADS). 

T2P—Subsequent clocks of a bus cycle when NA has been sampled asserted in 
the current bus cycle and there is an internal bus request pending 
(Am386SXL CPU drives new address and asserts ADS). 

T1P—First clock of a pipelined bus cycle. 

Ti — Idle state. 

Th — Hold Acknowledge state (Am386SXL CPU asserts HLDA). 


Asserting NA for pipelined address gives access to three more bus states: T2l, 
T2P, and TIP. 
Using pipelined address, the fastest bus cycle consists of T1P and T2P. READY Negated 


Request Pending 


READY Asserted 
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Figure 33. Complete Bus States (Including Pipelined Address) 
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Initiating and Maintaining Pipelined Address 


Using the state diagram Figure 33, observe the 
transitions from an idle state (Ti) to the beginning of a 
pipelined bus cycle (T1P). Froman idle state (Ti) the first 
bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA is asserted and the 
first bus cycle ends in a T2P state (the address for the 
next bus cycle is driven during T2P). The fastest path 
from an idle state to a bus cycle with pipelined address is 
shown in bold below: 


Ti, Ti, Ti, T1-T2—T2P, T1P—T2P, 


Idle Non-Pipelined Pipelined 
States Cycle Cycle 


T1-T2-T2P are the states of the bus cycle that establish 
address pipelining for the next bus cycle, which begins 
with T1P. The same is true after a bus hold state, shown 
below: 


Th, Th, Th, T1-T2—T2P, T1P-—T2P, 


Hold Acknowledge Non-Pipelined Pipelined 
States Cycle Cycle 


The transition to pipelined address is shown functionally 
by Figure 31, Cycle 1. Note that Cycle 1 is used to 
transition into pipelined address timing for the 
subsequent Cycles 2, 3, and 4, which are pipelined. The 
NA input is asserted at the appropriate time to select 
address pipelining for Cycle 2, 3, and 4. 


Once a bus cycle is in progress and the current address 
has been valid for one entire bus state, the NA input is 
sampled at the end of every phase one until the bus 
cycle is acknowledged. Sampling begins in T2 during 
Cycle 1 in Figure 31. Once NA is sampled active during 
the current cycle, the Am386SXL microprocessor is free 
to drive a new address and bus cycle definition on the 
bus as early as the next bus state. In Figure 31, Cycle 1 
forexample, the next address is driven during state T2P. 
Thus, Cycle 1 makes the transition to pipelined address 
timing, since it begins with T1 but ends with T2P. 
Because the address for Cycle 2 is available before 
Cycle 2 begins, Cycle 2 is called a pipelined bus cycle, 
and it begins with T1P. Cycle 2 begins as soon as 
READY asserted terminates Cycle 1. 


Examples of transition bus cycles are Figure 31, Cycle 1 
and Figure 30, Cycle 2. Figure 31 shows transition 
during the very first cycle after an idle bus state, which is 
the fastest possible transition into address pipelining. 
Figure 30, Cycle 2 shows a transition cycle occurring 
during a burst of bus cycles. In any case, a transition 
cycle is the same whenever it occurs: it consists at least 
of T1, T2 (NA is asserted at that time), and T2P 
(provided the Am386SXL microprocessor has an 
internal bus request already pending, which it almost 
always has). T2P states are repeated if wait states are 
added to the cycle. 
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Note that only three states (T1, T2, and T2P) are 
required in a bus cycle performing a transition from 
non-pipelined address into pipelined address timing 
(e.g., Figure 31, Cycle 1). Figure 31, Cycles 2, 3, and 4 
show that address pipelining can be maintained with 
two-state bus cycles consisting only of T1P and T2P. 


Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting NA 
and detecting that the Am386SXL microprocessor 
enters T2P during the current bus cycle. The current bus 
cycle must end in state T2P for pipelining to be main- 
tained in the next cycle. T2P is identified by the assertion 
of ADS. Figures 30 and 31, however, each show pipelin- 
ing ending after Cycle 4, because Cycle 4 ends in T2l. 
This indicates the Am386SXL CPU did not have an 
internal bus request prior to the acknowledgement of 
Cycle 4. If a cycle ends with a T2 or T2l, the next cycle 
will not be pipelined. 


Realistically, address pipelining is almost always 
maintained as long as NA is sampled asserted. This is 
so because in the absence of any other request, a code 
prefetch request is always internally pending until the 
instruction decoder and code prefetch queue are 
completely full. Therefore, address pipelining is main- 
tained for long bursts of bus cycles, if the bus is available 
(i.e., HOLD inactive), and NA is sampled active in each 
of the bus cycles. 


Interrupt Acknowledge (INTA ) Cycles 


In response to an interrupt request on the INTR input 
when interrupts are enabled, the AmM386SXL micropro- 
cessor performs two interrupt acknowledge cycles. 
These bus cycles are similar to read cycles in that bus 
definition signals define the type of bus activity taking 
place, and each cycle continues until acknowledged by 
READY sampled active. 


The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address driven 
during the first interrupt acknowledge cycle is 4 
(A23—A3, A1, BLE Low, A2 and BHE High). The byte 
address driven during the second interrupt acknow- 
ledge cycle is 0 (A23—A1, BLE Low, and BHE High). 


The LOCK output is asserted from the beginning of 
the first interrupt acknowledge cycle until the end of 
the second interrupt acknowledge cycle. Four idle bus 
states (Ti) are inserted by the AmM386SXL microproces- 
sor between the two interrupt acknowledge cycles for 
compatibility with spec TRHRL of the 8259A Interrupt 
Controller. 


During both interrupt acknowledge cycles, D15—D0 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second interrupt 
acknowledge cycle, the Am386SXL microprocessor will 
read an external interrupt vector from D7—D0 of the data 
bus. The vector indicates the specific interrupt number 
(from 0-255) requiring service. 
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Halt Indication Cycle 


The execution unit halts as a result of executing a HLT 
instruction. Signaling its entrance into the halt state, a 
halt indication cycle is performed. The halt indication 
cycle is identified by the state of the bus definition 
signals shown on page 39, Bus Cycle Definition Signals, 
and an address of 2. The halt indication cycle must 
be acknowledged by READY asserted. A halted 
Am386SXL CPU resumes execution when INTR (if in- 
terrupts are enabled), NMI, or RESET is asserted. 


Shutdown Indication Cycle 


The Am386SXL microprocessor shuts down as a result 
of a protection fault while attempting to process a double 
fault. Signaling its entrance into the shutdown state, a 
shutdown indication cycle is performed. The shutdown 
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indication cycle is identified by the state of the bus 
definition signals shown in section Bus Cycle Definition 
Signals and an address of 0. The shutdown indication 
cycle must be acknowledged by READY asserted. A 
shut-down Am386SXL microprocessor resumes execu- 
tion when NMI or RESET is asserted. 


Entering and Exiting Hold Acknowledge 





The Bus Hold Acknowledge state (Th) is entered in 
response to the HOLD input being asserted. In the Bus 
Hold Acknowledge state, the Am386SXL microproces- 
sor floats all outputs or bi-directional signals, except for 
HLDA. HLDA is asserted as long as the Am386SXL 
CPU remains in the Bus Hold Acknowledge state. Inthe 
Bus Hold Acknowledge state, all inputs except HOLD, 
FLT, and RESET are ignored. 
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Interrupt Vector (0-255) is read on D7—DO at end of second Interrupt Acknowledge bus cycle. Because each Interrupt Acknow-ledge bus cycle is 
followed by idle bus states, asserting NA has no practical effect. Choose the approach which is simplest for your system hardware design. 
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Figure 34. Interrupt Acknowledge Cycles 
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Th may be entered from a bus idle state, as in Figure 37, 
or after the acknowledgement of the current physical 
bus cycle, if the LOCK signal is not asserted, as in 
Figures 38 and 39. 


Th is exited in response to the HOLD input being 
negated. The following state will be Ti if no bus request 
is pending, as in Figure 37. The following bus state will 
be 11 if a bus request is internally pending, as in Figures 
38 and 39. Th is exited in response to RESET being 
asserted. 


If a rising edge occurs on the edge-triggered NMI in- 
put while in Th, the event is remembered as a non- 
maskable interrupt 2 and is serviced when Th is exited, 
unless the AmM386SXL microprocessor is reset before 
Th is exited. 


Reset During Hold Acknowledge 


RESET being asserted takes priority over HOLD being 
asserted. If RESET is asserted while HOLD remains 
asserted, the Am386SXL microprocessor drives its pins 
to defined states during reset, as in Table 16 (Pin State 
During Reset), and performs internal reset activity as 
usual. 
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If HOLD remains asserted when RESET is inactive, the 
Am386SXL CPU enters the Hold Acknowledge state 
before performing its first bus cycle, provided HOLD 
is still asserted when the AmM386SXL microprocessor 
would otherwise perform its first bus cycle. 


FLOAT 


Activating the FLT input floats all Am386SXL micro- 
processor bi-directional and output signals, including 
HLDA. Asserting FLT isolates the Am386SXL micro- 
processor from the surrounding circuitry. 


As the Am386SXL microprocessor is packaged in a sur- 
face mount PQFP, it cannot be removed from the 
motherboard when In-Circuit Emulation (ICE) is 
needed. The FLT input allows the AmM386SXL CPU to be 
electrically isolated from the surrounding circuitry. This 
allows connection of an emulator to the AM386SXL mi- 
croprocessor PQFP without removing it from the PCB. 
This method of emulation is referred to as ON-Circuit 
Emulation (ONCE). 


Idle 


Am386SXL CPU remains halted un- 
til INTR, NMI, or RESET is asserted. 


XXXXKXXN 


Am386SXL CPU responds to HOLD 
input while in the Halt state. 


KX 
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Note: Halt cycle must be acknowledged by 
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Figure 35. Example Halt Indication Cycle from Non-Pipelined Cycle 
Am386SXL Microprocessor 1-387 


Pm | AMD 


Entering and Exiting FLOAT 


FLT is an asynchronous, active Low input. It is recog- 
nized on the rising edge of CLK2. When recognized, it 
aborts the current bus cycle and floats the outputs of 
the Am386SXL microprocessor (Figure 41). FLT must 
be held Low for a minimum of 16-CLK2 cycles. Reset 
should be asserted and held asserted until after FLT is 
deasserted. This will ensure that the Am386SXL CPU 
will exit FLOAT in a valid state. 


Asserting the FLT input unconditionally aborts the 
current bus cycle and forces the Am386SXL CPU into 
the FLOAT mode. Since activating FLT unconditionally 
forces the Am3886SXL CPU into FLOAT mode, the 
Am386SXL microprocessor is not guaranteed to enter 
FLOAT in a valid state. After deactivating FLT, the 
Am386SXL CPU is not guaranteed to exit FLOAT mode 
in a valid state. This is not a problem, as the FLT pin is 
meant to be used only during ONCE. After exiting 
FLOAT, the Am386SXL microprocessor must be reset 
to return it to a valid state. Reset should be asserted 
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Note: Shutdown cycle must be acknowledged 
by READY asserted. Wait states may be added 


before FLT is deasserted. This will ensure that the 
Am386SXL CPU will exit FLOAT in a valid state. 


FLT has an internal pull-up resistor, and if it is not used it 
should be unconnected. 


Bus Activity During and Following Reset 


RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is asserted. 
A bus cycle in progress can be aborted at any stage, or 
idle states and Bus Hold Acknowledge states discon- 
tinued, so that the reset state is established. 


RESET should remain asserted for at least 15-CLK2 
periods to ensure it is recognized throughout the 
Am386SXL microprocessor, and at least 80-CLK2 
periods if self-test is going to be requested at the falling 
edge. RESET asserted pulses less than 15-CLK2 
periods may not be recognized. RESET pulses less 
than 80-CLK2 periods followed by a self-test may cause 
the self-test to report a failure when no true failure 
exists. 


Idle 
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Am386SXL CPU remains 
shutdown until NMI or RESET 
is asserted. 


Am386SXL CPU 
responds to HOLD 
input while in the 
Shutdown state. 
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Figure 36. Example Shutdown Indication Cycle from Non-Pipelined Cycle 





1-388 


Am386SXL Microprocessor 


erat ren ha ein BR PE ERM a RSE ASO AE ti Sat Eas ol Ene ted deh on 


Provided the RESET falling edge meets setup and hold 
times (t25 and t26), the internal processor clock phase is 
defined at that time as illustrated by Figure 40 and 
Figure 48. 


A self-test may be requested at the time RESET goes 
inactive by having the BUSY input at a Low level, as 
shown in Figure 40. The self-test requires approxi- 
mately (27° + 60) CLK2 periods to complete. The seif- 
test duration is not affected by the test results. Even 
if the self-test indicates a problem, the Am386SXL 
microprocessor attempts to proceed with the reset 
sequence afterwards. 


After the RESET falling edge (and after the self-test 
if it was requested), the Am386SXL microprocessor 
performs an internal initialization sequence for approx- 
imately 350- to 450-CLK2 periods. 


Self-Test Signature 


Upon completion of self-test (if self-test was requested 
by driving BUSY Low at the falling edge of RESET) the 
EAX register will contain a signature of OO000000H, 
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indicating the Am386SXL microprocessor passed its 
self-test of microcode and major PLA contents with no 
problems detected. The passing signature in EAX, 
00000000H, applies to all revision levels. Any non-zero 
signature indicates the unit is faulty. 


Component and Revision Identifiers 


To assist users the Am386SXL microprocessor, after 
reset, holds a component identifier and revision 
identifier in its DX register. The upper 8 bits of DX hold 
23H as identification of the AM386SXL CPU (the lower 
nibble, 03H, refers to the Am3886DX microprocessor 
architecture. The upper nibble, 02H, refers to the 
second member of the Am3886DX microprocessor 
Family). The lower 8 bits of DX hold an 8-bit unsigned 
binary number related to the component revision level. 
The revision identifier will, in general, chronologically 
track those component steppings which are intended to 
have certain improvements or distinction from previous 
steppings. The Am386SXL microprocessor revision 
identifier will track that of the Am386DX CPU where 
possible. 


| Idle | Hold Acknowledge | Idle | 
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Note: For maximum design flexibility the Am386SXL CPU has no internal pull-up resistors on its outputs. Your design may require 
an external pull-up on ADS and other outputs to keep them negated during float periods. 
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Figure 37. Requesting Hold from Idle Bus 
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Note: HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) 
requirements are met. This waveform is useful for determining Hold Acknowledge latency. 
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Figure 38. Requesting Hold from Active Bus (NA Inactive) 
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Note: HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) 
requirements are met. This waveform is useful for determining Hold Acknowledge latency. 
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Figure 39. Requesting Hold from Idle Bus (NA Active) 
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1. BUSY should be held stable for 8-CLK2 periods before and after the CLK2 period in which RESET falling edge occurs. 
2. If self-test is requested, the outputs remain in their reset state as shown here. 
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Figure 40. Bus Activity from Reset Until First Code Fetch 
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Figure 41. Entering and Exiting FLT 
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The revision identifier is intended to assist users to a 
practical extent. However, the revision identifier value is 
not guaranteed to change with every stepping revision, 
or to follow a completely uniform numerical sequence, 
depending on the type or intention of revision, or 
manufacturing materials required to be changed. 


Table 18. Component and Revision 
identifier History 



















Am386SXL 
Microprocessor 
Revision Revision Identifier 
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Coprocessor Interfacing 


The Am386SXL microprocessor provides an automatic 
interface for a 387SX math coprocessor. A 387SX 
math coprocessor uses an I/O mapped interface driven 
automatically by the Am386SXL CPU and assisted by 
three dedicated signals: BUSY, ERROR, and PEREQ. 


As the Am386SXL microprocessor begins supporting a 
math coprocessor instruction, it tests the BUSY and 
ERROR signals to determine if the coprocessor can 
accept its next instruction. Thus, the BUSY and ERROR 
inputs eliminate the need for any preamble bus cycles 
for communication between processor and math 
coprocessor. A 387SX math coprocessor can be given 
its command op-code immediately. The dedicated 
signals provide instruction synchronization and elim- 
inate the need of using the WAIT op-code (9Bh) for 
387SX math coprocessor instruction synchronization 
(the WAIT op-code was required when the 8086 or 8088 
was used with the 8087 math coprocessor). 





Custom math coprocessors can be included in 
Am386SXL microprocessor based systems by 
memory-mapped or I/O-mapped interfaces. Such math 
coprocessor interfaces allow a completely custom 
protocol, and are not limited to a set of math coproces- 
sor protocol primitives. Instead, memory-mapped or 
/O-mapped interfaces may use all applicable 
instructions for high-speed math coprocessor com- 
munication. The BUSY and ERROR inputs of the 
Am386SXL microprocessor may also be used for the 
custom math coprocessor interface, if such hardware 
assist is desired. These signals can be tested by the 
WAIT op-code (9BH). The WAIT instruction will wait 
until the BUSY input is inactive (interruptable by an NMI 
or enabled INTR input), but generates an Exception 16 
fault if the ERROR pin is active when the BUSY goes (or 
is) inactive. If the custom math coprocessor interface 
is memory-mapped, protection of the addresses used 
for the interface can be provided with the Am386SXL 
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CPU’s on-chip paging or segmentation mechanisms. If 
the custom interface is 1/O-mapped, protection of the 
interface can be provided with the IOPL (I/O Privilege 
Level) mechanism. 

A 387SX math coprocessor interface is I/O mapped as 
shown in Table 19. Note that a387SX math coprocessor 
interface addresses are beyond the OH-OFFFFH range 
for programmed 1/O. When the Am386SXL micropro- 
cessor supports the 387SX math coprocessor, the 
Am386SXL CPU automatically generates bus cycles to 
the coprocessor interface addresses. 


Table 19. Math Coprocessor Port Address 
Address in Am386SXL 387SX-Compatible Math 
CPU I/O Space Coprocessor Register 
8000F8H Op-code Register 
8000FCH/8000FEH’* Operand Register 


“Generated as 2nd bus cycle during Dword transfer. 










To correctly map a 387SX math coprocessor registers 
to the appropriate I/O addresses, connect the CMDO 
and CMD1 lines of a 387SX math coprocessor, as 
listed in Table 20. 


Table 20. Connections for CMDO 
and CMD1 Inputs for a 387SX 


Signal 
CMDO_ | Connected directly to 386SXL CPU A2 signal. 
CMD1 Connect to ground. 


Software Testing for Math Coprocessor Presence 


When software is used to test for math coprocessor 
(387SX) presence, it should use only the following math 
coprocessor op-codes: FINIT, FNINIT, FSTCW mem, 
FSTSW mem, and FSTSW AX. To use other math 
coprocessor op-codes when a math coprocessor is 
known to be not present, first set EM = 1 in the 
Am386SXL CPU's CRO register. 


PACKAGE THERMAL SPECIFICATIONS 


The Am386SXL microprocessor is specified for 
operation when case temperature is within the range of 
0°C-—100°C. The case temperature may be measured in 
any environment to determine whether the Am386SXL 
CPU is within specified operating range. The case 
temperature should be measured at the center of the top 
surface opposite the pins. 


The ambient temperature is guaranteed as long as Tcis 
not violated. The ambient temperature can be calcu- 
lated from the 8jc and 6ja from the following equations: 


Tj = Tc +P e6jc 
Ta = Tj-Pe6@ja 
Tc = Ta+P e[6ja — 8jc} 
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ELECTRICAL SPECIFICATIONS 


The following sections describe recommended electri- 
cal connections for the AM386SXL microprocessor, and 
its electrical specifications. 


Power and Grounding 


The Am386SXL CPU has modest power requirements. 
However, its high clock frequency and 47 output buffers 
(address, data, control, and HLDA) can cause power 
surges as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 14 V,, and 18 V,, pins separately 
feed functional units of the Am386SXL microprocessor. 


Power and ground connections must be made to all 
external V., and V., pins of the Am386SXL micro- 
processor. On the circuit board, all V,, pins should be 
connected on a V,, plane, and V,, pins should be 
connected on a GND plane. 


Power Decoupling Recommendations 


Liberal decoupling capacitors should be placed near 
the AmM386SXL microprocessor. The AM386SXL CPU 
driving its 24-bit address bus and 16-bit data bus at 
high frequencies can cause transient power surges, 
particularly when driving large capacitive loads. Low 
inductance capacitors and interconnects are recom- 
mended for best high frequency electrical performance. 
Inductance can be reduced by shortening circuit board 
traces between the Am386SXL microprocessor and 
decoupling capacitors as much as possible. 


Resistor Recommendations 


The ERROR, FLT, and BUSY inputs have internal pull- 
up resistors of approximately 20 Kohms, and the 
PEREQ input has an internal pull-down resistor of 
approximately 20 Kohms, built into the Am3886SXL 
microprocessor to keep these signals inactive when a 
387SX-compatible math coprocessor is not present in 
the system (or temporarily removed from its socket). 


In typical designs, the external pull-up resistors shown 
in Table 21 are recommended. However, a particular 
design may have reason to adjust the resistor values 
recommended here, or alter the use of pull-up resistors 
in other ways. 


Other Connection Recommendations 


For reliable operation, always connect unused inputs to 
an appropriate signal level. NC pins should always re- 
main unconnected. Connection of NC pins to V,, or 
Vs, Will result in component malfunction or incom- 
patibility with future steppings of the AM386SXL CPU. 
Particularly when not using the interrupts or bus hold (as 


when first prototyping), prevent any chance of spurious 
activity by connecting these associated inputs to GND. 


Pin Signal 
40 INTR 
38 NMI 

4 HOLD 


If not using address pipelining, connect pin 6 (NA) 
through a pull-up in the range of 20 Kohms to V,,,. 


Table 21. Recommended Resistor Pull-Ups to V,, 


Pin | Signal | | Pull-Up Value | 


Purpose 


— Lightly pull ADS inactive during Am386SXL 
1p eo ens 10% CPU Hold Acknowledge states. 

sae . Lightly pull LOCK inactive during AmM386SXL 
- LOCK eo Ones CPU Hold Acknowledge states. 
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ABSOLUTE MAXIMUM RATINGS 


—65 to 125°C 
—65 to 150°C 


Ambient Temperature under bias 
Storage Temperature 


Stresses above those listed may cause permanent 
damage to the device. Exposure to absolute maximum 
rating conditions for extended periods of time may affect 
device reliability. 
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OPERATING RANGES 
Supply Voltage with respect to V,, . O05Vto7V 
Voltage on other pins ~—0.5 V to (V,, + 0.5)V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 


Vec=5 V +10%:; Tcase = 0°C to 100°C 














Symbol | Parameter Description Notes Min Max Unit 
Vi__| Input Low Voltage = 
Vi_—_|_lnput High Voltage a 
Vas | OLK® Input Low Voltage a YT 
Vie | GLK2 Input High Voltage a 
Vee Output Low Voltage 
lo, = 4 mA: A23-A1, D15-D0 V 
lo = SMA: BHE, BLE, W/R, V 
D/C, M/IO, LOCK, 
ADS, HLDA 
Ve4 Output High Voltage 
lon = 1.0mA: A23—A1, D15—DO V 
lon = 0.2 mA: A23-A1, D15—DO V 
lon = 0.9mMA: BHE, BLE, W/R, V 
D/C, M/IO, LOCK, 
lon = 0.18 mA: 
i Input Leakage Current (for all pins ex- | OV< Vy, < Voc pA 
cept PEREQ, BUSY, FLT, and ERROR) 
big Input Leakage Current (PEREQ pin) Viy = 2.4 V (Note 1) pA 
he Input Leakage Current __ V,, = 0.45 V (Note 2) — pA 
(BUSY, ERROR, and FLT pins) 
is Output Leakage Current 0.45 V < Vour S Voc pA 
lee Supply Current (Note 4) 
CLK2 = 32 MHz: with -16* lee Typ = 135 mA (Note 3) 160 mA 
CLK2 = 40 MHz: with —20 lee Typ = 165 mA (Note 3) 200 mA 
CLK2 = 50 MHz: with -25 ke Typ = 210 mA (Note 3) 250 mA 
laces Standby Current cess TYP = 0.02 mA (Note 5) ae ae mA 
Cw Input Capacitance = 1 MHz (Note 4) oe pF 
Cour Output or I/O Capacitance = 1 MHz (Note 4) Ld ee pF 
Cox CLK2 Capacitance F, = 1 MHz (Note 4) Se ae pF 


Notes: Tested at the minimum operating frequency of the part. 
“Contact AMD for 16-MHz availability. 
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1. PEREQ input has an internal pull-down resistor. 

2. BUSY, FLT, and ERROR inputs each have an internal 
pull-up resistor. 

3. Ice Max measurement at worst case frequency, Vcc, and temp- 
erature, outputs unloaded. 

4. Not 100% tested. 

5. Inputs at rails, outputs unloaded, PEREQ Low, ERROR High, 
BUSY High, and FLT High. 
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SWITCHING CHARACTERISTICS 


The switching characteristics given consist of output de- 
lays, input setup requirements, and input hold require- 
ments. All switching characteristics are relative to the 
CLK2 rising edge crossing the 2.0 V level. 


Switching characteristic measurement is defined by 
Figure 42. Inputs must be driven to the voltage levels 
indicated by Figure 42 when switching characteristics 
are measured. Output delays are specified with 
minimum and maximum limits measured, as shown. 
The minimum delay times are hold times provided to 
external circuitry. Input setup and hold times are 


Outputs: 
(A23-A1, BHE, BLE, Valid 
ADS, M/IO, D/C, Output n 


W/R, LOCK, HLDA) 


Outputs 
(D15—Do) 


rene Inputs 
(NA, INTR, NMI) oN 


Inputs: 

(READY, HOLD, 
FLT, ERROR, BUSY, 
PEREQ, D15—D0) 


Legend: A—Maximum Output Delay Characteristic 
B— Minimum Output Delay Characteristic 


C— Minimum Input Setup Characteristic 
D— Minimum Input Hold Characteristic 





Valid 
Output n 


specified as minimums, defining the smallest accept- 
able sampling window. Within the sampling window, a 
synchronous input signal must be stable for correct 
operation. 


Outputs ADS, W/R, D/C, M/0, LOCK, BHE, BLE, 
A23-A1, and HLDA only change at the beginning of 
phase one. D15—D0 (write cycles) only change at the 
beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREQ, FLT, and D15—D0 (read cycles) inputs 
are sampled at the beginning of phase one. The NA, 
INTR, and NMI inputs are sampled at the beginning of 
phase two. 








TX 












15022B-030 


Figure 42. Drive Levels and Measurement Points for Switching Characteristics 
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SWITCHING CHARACTERISTICS 
Switching Characteristics at 25 MHz: V,, = 5 V+10%; T,,5. = 0°C to 100°C 


Ref. | 
Symbol| Parameter Description [vows eure | nan | max 


Unit 
25 MHz 








[Operating Frequency | HalfCletreg, =| | | 
2a | C2 High Tine ae 
3 | GLK@HighTine atv de 
a Tc VV ee 
i a ee A OR 
¢ [ete Fain | W.-08 wosv Noose] [7] 16 
: 
WoT = 
8 | BHE,BLE,LOCKValidDelay | Cy = 50 pF ns 
9 BHE, BLE, LOCK Float Delay (Note 1) ns 
10 ns 
14 (Note 1) ns 
12 | D15-DoWrite Data Valid Delay | C= 50 pF ns 
i C= SOF nae eS Ma 
i ; 
ia | HDA Vaid Delay 0 SF = 
20 | READYHoldTime = TC‘; ST ts 
zt | Di6-Do Read Daa SaupTine a 
a6 | RESET Hel Tew a 
27 | NM INTA Soup Tine se 
z j 


Notes: 1. Float condition occurs when maximum output current becomes less than Io in magnitude. Float delay is not 100% tested. 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 


3. These are not tested. They are guaranteed by design characterization. 
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SWITCHING CHARACTERISTICS (continued) 
Switching Characteristics at 20 MHz: V,, = 5 V+10%; Tose = 0°C to 100°C 


Pade. Senet . | — 


Unit 











Half CLK2 freq, Roa! | 20 | 
26 at Ves 080 ef s [fs 
sb CLk2LowTime_—S~—s RBC Cd 
Vee-OBVOoaV Woes] as | | 8 | as 
: 
10a C= TeaF Noted) : 
S| NASeuptine ——S—~—CSsSSSSCSCSCS | Td 
28 | RESETHold Time ——SC~—~iSSSSSCSSCSCSCSCS | | 
28 Wote2)[ 45 | 16 | | rs 
23 (Note2)] 45 | 14 [| as 
30 Woe2)[ #5 | 5 r 


Notes: 1. Float condition occurs when maximum output current becomes less than Ito in magnitude. Float delay is not 100% tested. 


. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 
. These are not tested. They are guaranteed by design characterization. 


. Tested with C, set at 50 pF and derated to support the indicated distributed capacitive load. See Figures 52 and 53 for the 
capacitive derating curve. 


nm 


& @ 
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SWITCHING CHARACTERISTICS (continued) 
Switching Characteristics at 16 MHz*: V., = 5 V+10%; Tos. = 0°C to 100°C 


| Ref. | 
Symbol} Parameter Description ce ry 


Unit 

Half CLK2 freq ee a 

2b at (Veo=08 V) ca [5 | | os 
ab [OlketowTime———SSSSC—~‘i WS CdYC | |i 
4 (Vee-OBVIOOBV Woes! 43 | | 8 | as 
0.8 VI0 (Vec=0.8V) Notes)| 43 | | 8 | as 
C= 120pF (Note 4) r 
C= 75pF____(Note 4) ns 
10 C= 75 pF (Noted) : 
2 C= 120pF___(Note 4) m3 
20 | READYHoWTime SSC] STTSCSCSC™~C~iYS ACT TC 
30_| PEREG, ERROR BUSY, FiTHoidtime [| owe, 4 | 5 | | vs 


Notes: *Contact AMD for 16-MHz availability. 
. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 


. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 


. These are not tested. They are guaranteed by design characterization. 


. Tested with C, set at 50 pF and derated to support the indicated distributed capacitive load. See Figures 52 and 53 for the 
capacitive derating curve. 


np — 
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Veo -0.8 V a5 
CLK2 2.0V \\ 
0.8 V — } 
t4 


15022B-031 


Figure 43. CLK2 Timing 


Am386SXL CPU Output al 
Cc 


L 
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Figure 44. AC Test Circuit 
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SWITCHING WAVEFORMS 
Tx 6 2 1 Tx > 2 > 1 Tx 


CLK2 





D 
Mu 
o 
< 


HOLD 


D15—DoO 
(Inputs) 


BUSY, ERROR 
PEREQ, FLT 


INTR, NMI 


amy ee: (Ear: ne, SRS A (OR A OO || 





15022B-033 
Figure 45. Input Setup and Hold Timing 


6 2 01 Tx 62 1 


CLK2 


TR Tmin | [Max 
NY a ANY, 


Validn ing \ Valid n+1 


Legh = decal 
t10 cs aa ” 


Valid n Valid n+1 





ee 
6 
; a eel 


A23-A1 Valid n / Valid n+1 








eT Tie Max 


Validn YX: aida 


D15—D0 ay 


(Outputs) 






HLDA 





o= 
>= 
= 
eat i a —a =. 


15022B-034 
Figure 46. Output Valid Delay Timing 
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SWITCHING WAVEFORMS (continued) 




















T1 
61 o2 
CLK2 [ 
wR [ 
D15—Do0 [ 
15021B-076 
Figure 47. Write Data Valid Delay Timing (20 and 25 MHz) 
T1 
1 2 
CLK2 [ 
wR [ 
Min 
ti2a 
D1i5—D0O i Valid n 
15021B-077 
Figure 48. Write Data Hold Timing (20 and 25 MHz) 
T1 
61 $2 
CLK2 [ 
WR [ 
15—Do [ Valid n -. Cae ; ON Valid n+1 
mae | ‘ta aif IN 
15021B-078 


Figure 49. Write Data Valid Delay Timing (20 MHz) 
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T Tior 11 
62 o1 8 __ $2 
CLK2 l 
ein [win [| Max 
me BE [ PE 4 
eae a A ce a 
W/R, M/IO, 
MB. | = Caer aoe 
vr Min |Min =| | Max 
pasar [ [= — + 





113 t12 
Tin [7 be Min Max 
|_| (High Z) 


t13—Also applies to data float when write 
cycle is followed by read or idle. 


14 iss 
CO AA 









HLDA I 
15022B-035 
Figure 50. Output Float Delay and HLDA Valid Delay Timing 
RESET Initialization Sequence 
o2 or o1 o2 o1 
15022B-036 


Figure 51. RESET Setup and Hold Timing and Internal Phase 
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nom +6 

nom +3 

Output om 
Valid 
Delay 

(ns) nom —3 


nom —6 


nom 
100 
vs oe 


15022B-037 


Figure 52. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C, = 120 pF) 


nom + 9 


nom + 6 


Output 
Valid 


Delay (ns) NOM +9 


nom 


nom -—3 


50 75 100 125 150 
C, (picofarads) 
Figure 54. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C.= 50 pF) 


DIFFERENCES BETWEEN THE 
Am386SXL CPU AND THE Am386DX CPU 
The following are the major differences between the 
Am386SXL CPU and the Am386DX CPU: 


1. The Am3886SXL CPU generates byte selects on 
BHE and BLE (like the 8086 and 80286) to 
distinguish the upper and lower bytes on its 16-bit 
data bus. The Am386DX CPU uses four byte 
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nom +9 
nom + 6 
Output nom +3 
Valid 
Delay 
(ns) nom 
nom —3 
nom —6 
75 100 125 150 
C, (picofarads) 
15022B-038 


Figure 53. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C, = 75 pF) 


Rise Time (ns) 
0.8 V-2.0 V 





50 (5 100 125 150 
C, (picofarads) 


Figure 55. Typical Output Rise Time Versus Load 
Capacitance at Maximum Operating Temperature 


selects, BE38-BEO, to distinguish between the 
different bytes on its 32-bit bus. 

2. The AmM386SXL CPU has no bus sizing option. The 
Am386DX CPU can select between either a 32-bit 
bus or a 16-bit bus by use of the BS16 input. The 
Am386SXL CPU has a 16-bit bus size. 


3. The NA pin operation in the Am386SXL CPU is 
identical to that of the NA pin onthe Am386DX CPU 
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with one exception: the Am3886DX CPU NA pin 
cannot be activated on 16-bit bus cycles (where 
BS16 is Low in the Am386DX CPU case), whereas 
NA can be activated on any Am386SXL CPU bus 
cycle. 


4. The contents of all AmM386SXL CPU registers at 
reset are identical to the contents of the Am3886DX 
CPU registers at reset, except the DX register. The 
DX register contains a component-stepping identi- 
fier at reset, that is, 
in AmM386DX CPU, after reset 


DH =3 indicates AmM386DX CPU 
DI = revision number; 


in AmM386SXL CPU, after reset 


DH = 23H indicates AM3886SXL CPU 
DL = revision number. 


5. The Am386DX CPU uses A31 and M/IO as selects 
for the math coprocessor. The Am386SXL CPU 
uses A23 and M/IO as Selects. 


6. The Am386DX CPU prefetch unit fetches code in 
four-byte units. The Am3886SXL CPU prefetch unit 
reads two bytes as one unit (like the 80286). In BS16 
mode, the Am386DX CPU takes two consecutive 
bus cycles to complete a prefetch request. If there is 
a data read or write request after the prefetch starts, 
the Am386DX CPU will fetch all four bytes before 
addressing the new request. 


7. Both Am386DX CPU and Am386SXL CPU have the 
same logical address space. The only difference is 
that the Am3886DX CPU has a 32-bit physical 
address space andthe Am386SXL CPU has a 24-bit 
physical address space. The Am386SXL CPU has a 
physical memory address space of up to 16 Mb 
instead of the 4 Gb available to the Am386DX CPU. 
Therefore, in Am886SXL CPU systems, the 
operating system must be aware of this physical 
memory limit and should allocate memory for 
applications programs within this limit. If an 
Am386DX CPU system uses only the lower 16 Mbof 
physical address, then there will be no extra effort 
required to migrate AmM386DX CPU software to the 
Am386SXL CPU. Any application which uses more 
than 16 Mb of memory can run on the Am386SXL 
CPU, if the operating system utilizes the AmM386SXL 
CPU’s paging mechanism. In spite of this difference 
in physical address space, the AmM386SXL CPU and 
Am386DX CPU can runthe same operating systems 
and applications within their respective physical 
memory constraints. 


8. The Am386SXL CPU has an input called FLT which 
three-states all bi-directional and output pins, 
including HLDA, when asserted. It is used with ON- 
Circuit Emulation (ONCE). 


INSTRUCTION SET 


This section describes the instruction set. The Instruc- 
tion Set Clock Count Summary lists all instructions 
along with instruction encoding diagrams and clock 
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counts. Further details of the instruction encoding are 
then provided in the following sections, which 
completely describe the encoding structure and the 
definition of all fields occurring within instructions. 


The Am386SXL CPU Instruction Encoding 
and Clock Count Summary 


To calculate elapsed time for an instruction, multiply the 
instruction clock count, as listed in the Instruction 
Set Clock Count Summary, by the processor clock 
period (e.g., 40 ns fora 25-MHz, 50 ns for a 20-MHz, 
and 62.5 ns for a 16-MHz Am386SXL microprocessor. 
The actual clock count of an AM3886SXL CPU program 
will average 5% more than the calculated clock count 
due to instruction sequences which execute faster than 
they can be fetched from memory. 


Instruction Clock Count Assumptions 

1. The instruction has been prefetched, decoded, and 
is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction 
execution. 


5. lf an effective address is calculated, it does not use 
two general register components. One register, 
scaling and displacement can be used within the 
clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count shown. 


Instruction Clock Count Notation 


1. If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand. 

2. n=number of times repeated. 

3. m= number of components in the next instruction 
executed, where the entire displacement (if any) 
counts as one component, the entire immediate data 
(if any) counts as one component, and all other bytes 
of the instruction and prefix(es) each count as one 
component. 


Misaligned or 32-Bit Operand Accesses 

— If instructions access a misaligned 16-bit operand or 
32-bit operand on even address add: 
2* clocks for read or write 
4** clocks for read and write 


—If instructions access a 32-bit operand on odd 
address add: 


4* clocks for read or write 
8** clocks for read and write 
Wait States 


Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Am386SXL Instruction Set Clock Count Summary 


Instruction Format 

GENERAL DATA TRANSFER 

MOV = Move: 

Register to Register/Memory 
Register/Memory to Register 
immediate to Register/Memory 11100011w|mod000 rm immediate data 
immediate to Register (short form) immediate data 
Memory to Accumulator (short form) full displacement 
Accumulator to Memory (short form) full displacement 
Register/Memory to Segment Register [10001110 |modsreg3 rm| 
Segment Register to Register/Memory 


MOVSX = Move with Sign Extension 


Register from Register/Memory 0000111141011 %111Wy modreg r/m 


MOVZX = Move with Zero Extension 


joooort14 | 
Register from Register/Memory 101101 1 Ww] modreg rim 
PUSH = Push: 
Register/Memory mod110 = frm 
Register (short form) 


Segment Register (ES,CS,SS, or DS) (shortform) [000 sreg 2 110 


Segment Register (ES, CS, SS, DS, FS,orGS) {00001111 


10 sreg 3 000 


Immediate immediate data 
PUSHA = Push All 

POP =Pop 

Register (short form) 

Segment Register (ES, CS, SS, or DS) 


Segment Register (ES, CS, SS, DS, FS,orGS) 100001111 


10 sreg 3 001 


POPA=Pop Al 

XCHG = Exchange 

Register/Memory with Register 

Register with Accumulator (short form) 

IN = Input From: Vi Reh ent ous 

Fixed Port 28°** 6°/26° 
Variable Port 27*** 7°/27* 


“IFCPLSIOPL “*IfCPL>IOPL ‘***Clock count shown applies if /O permission allows I/O to the port in Virtual 8086 Mode. If I/O bit map 


denies permission Exception 13 fault occurs; refer to clock counts for INTS instruction. 





Notes 


Protected 
Virtual 
Address 
Mode 


f,h 


s/t,m 


s/t, m 





1-406 Am386SXL Microprocessor 


cen enian peeing panne ad tif nS Mag aE Se SSSA A a ttt sd ah ap 





State TC ne tance eet SR ia GL tra a i fat ate st 





ee ai a ta a aan a gee ee ee le a ei 








Am386SXL Instruction Set Clock Count Summary (continued) 


Protected 
Virtual 


Instruction Format 


OUT = Output To: CLK Count 
Vesa Virtual 8086 Mode 


Fixed Port 10° 4°/24° s/t,m 
Variable Por it | ses: sa 
LEA= Load EA to Register mod reg rim 2 2 

SEGMENT CONTROL 

LDS = Load Pointer to DS 7" 26°/28"° b his j 
LES =Load Pointer to ES 7* 26°/28* b h, i,j 
LFS =Load Pointer to FS 7 =| 26%/28° b hij 
LGS=Load Pointer to GS modreg rm 7 26*/28" b h i,j 
ee tenant ae a ee 
FLAG CONTROL 

CLC =Clear Carry Flag 2 2 

CLD =Clear Direction Flag 2 2 

CL! = Clear Interrupt Enable Flag 8 8 | m 
CLTS =Clear Task Switched Flag 5 | 5 C | 
CMC =Complement Carry Flag 2 2 

LAHF = Load AH into Flag 2 2 

POPF = Pop Flags 5 5 b h,n 
PUSHF = Push Flags 4 4 b h 
SAHF = Store AH into Flags 3 3 

STC = Set Carry Flag 2 2 

STD = Set Direction Flag 

ST! = Set Interrupt Enable Flag 8 8 m 
ARITHMETIC 

ADD = Add 

Register to Register | 2 2 

Register to Memory | Y iat LT b h 
Memory to Register 6* 6° b h 
immediate to Register/Memory immediate data 2/7** 2/7** b h 
Immediate to Accumulator (short form) immediate data 2 2 


ADC = Add with Carry 


Register to Register 000100dw 


mod reg rim 2 2 


“IECPLSIOPL “*IfCPL>IOPL ***Clock count shown applies if “YO permission allows I/O to the port in Virtual 8086 Mode. If I/O bit map 
denies permission Exception 13 fault occurs; refer to clock counts for INT3 instruction. 
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Am386SXL Instruction Set Clock Count Summary (continued) 


Instruction Format 


ADC = Add with Carry (continued) 


Register to Memory 0001000Ww 


Memory to Register 0001001 wi] mod reg rm 


Immediate to Register/Memory 100000swj]mod 010 f/m] immediate data 


immediate to Accumulator (short form) 000101 0w | immediate data 


INC =Increment 


Register/Memory 11111141Ww 


modQ000 f/m 
Register (short form) 01000 reg 


SUB = Subtract 


Register from Register 001010dw{]modreg r/m 


Register from Memory 00101900w] mod reg r/m 


Memory from Register 0010%101wi]modreg rim 


Immediate from Register/Memory 100000swi{mod101 tm! immediate data 


immediate from Accumulator (short form) 0010 11 0 wi immediate data 
SBB = Subtract with Borrow 


Register from Register 10001 10d wij modreg rim 


Register from Memory 0001100w/] modreg r/m 


Memory from Register 0001101w 


mod reg r/m | 


Immediate from Register/Memory 100000sw 


mod 011 = rm] immediate data 


immediate from Accumulator (short form) 0001 110w i] immediate data 


DEC =Decrement 


Register/Memory reg 001 frm 


Register (short form) 01001 reg 


CMP = Compare 


Register with Register 001110dwyjmodreg r/m 


Memory with Register 0011100wt{modreg r/m 


Register with Memory 001110 1 w{ mod reg r/m 


immediate with Register/Memory 100000s wi{mod 111 = ¢m]{ immediate data 


Immediate with Accumulator (short form) 001%1110w] immediate data 


NEG = Change Sign 114111014114Wimod011 = tm 


AAA =ASCIl Adjust for Add 001101141 





*IFCPLSIOPL ** IfCPL>IOPL 
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Am386SXL Instruction Set Clock Count Summary (continued) 


Clock Count 
































Notes 





Protected Protected 
Virtual Virtual 
Address Address 
Instruction Format Mode Mode 
AAS = ASCII Adjust for Subtract 
DAA = Decimal Adjust for Add 00100111 
DAS = Decimal Adjust for Subtract 
MUL = Multiply (unsigned) 
Accumulator with Register Memory 
Multiplier —- Byte 12-17/15-20° {2-17/15~-20° d,h 
~ Word 2-25/15~-28° d,h 
—Doubleword §2-41/17-46° d,h 
IMUL = Integer Multiply (signed) 
Accumulator with Register Memory 
Multiplier — Byte 12-17/15-20° f2-17/15-20° d,h 
—Word 12-25/15-28° }2-25/15~28° d,h 
~ Doubleword 12-41/17-46° }2-41/17-46° d,h 
Register with Register/Memory 000011141 mod reg rim 
Multiplier —- Byte 12-17/15-20° {2-17/15-20° d,h 
-Word 12~25/15~28° }2-25/15-28° d,h 
—Doubleword 1241/1746 12-41/17-46° d,h 
Register/Memory with Immediate to Register immediate data 
~Word d,h 
— Doubleword d,h 
DIV = Divide (unsigned) 
Accumulator by Register/Memory 
Divisor —Byte e,h 
~-Word e,h 
~Doubleword e,h 
IDIV = Integer Divide (signed) 
Accumulator by Register/Memory 
Divisor ~Byte e,h 
~-Word e,h 
~Doubleword e,h 
AAD = ASCII Adjust for Divide 00001010 
AAM = ASCIil Adjust for Multiply 11010100100001010 
CBW =Convert Byte to Word 10011000 
CWD =Convert Word to Double Word 10011001 
LOGIC 
Shift/Rotate Instruction 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 
Register/Memory by 1 1101000w h 
*IFCPL<IOPL = ** If CPL>IOPL 
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Am386SXL Instruction Set Clock Count Summary (continued) 


Instruction 


LOGIC (continued) 


Format 


Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) ~{continued) 


Register/Memory by CL 
Register/Memory by Immediate Count 
Through Carry (RCL and RCR) 
Register/Memory by 1 
Register/Memory by CL 


Register/Memory by Immediate Count 


SHLD = Shift Left Double 
Register/Memory by Immediate 
Register/Memory by CL 

SHRD= Shift Right Double 
Register/Memory by Immediate 
Register/Memory by CL 

AND=And 

Register to Register 

Register to Memory 

Memory to Register 

immediate to Register/Memory 

Immediate to Accumulator (short form) 
TEST = And Function to Flags, No Result 
Register/Memory and Register 

immediate Data and Register/Memory 
Immediate Data and Accumulator (short form) 
OR=Or 

Register to Register 

Register to Memory 


Memory to Register 


110100%1wWwtImod r/ 


1100000wj] mod TIT rim} (1) 


He 


1101000wtI mod 


3 


1101001wtI{mod 


| 


) 

TTT Instruction 

000 ROL 

001 ROR 

010 RCL 

011 RCR 

100 SHL/SAL 

101 SHR 

111 SAR 


00001111,10100100 


00001111410100101 


00001111410101100 


00001111 


001000dw 


mod reg r/m 


0010000w| modreg rim 


0010001w{|{modreg rim 


1000000WwW 


00100 10wi immediate data 


1000010w]modreg rim 


1111011W 


10104100w i! immediate data 


000010dwti{modreg rim 


0000100w | modreg r/m | 


000010 1wj]modreg r/m 


“IFCPLsIOPL “*IfCPL>IOPL (1) immediate 8-Bit Data 
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mod reg 


mod reg 


mod reg 


101011041] modreg 


r/m | 


r/m 


rim 


rim 


mod 100 r/m{ immediate data 


mod 000 fr/mj{ immediate data 


(1) | 


(1) 





Notes 


Protected 
Virtual 
Address 
Mode 








Instruction 
LOGIC (continued) 

immediate to Register/Memory 

Immediate to Accumulator (short form) 

XOR = Exclusive Or 

Register to Register 

Register to Memory 

Memory to Register 

Immediate to Register/Memory 

immediate to Accumulator (short form) 

NOT = Invert Register/Memory 

STRING MANIPULATION 

CMPS =Compare Byte/Word 

INS = Input Byte/Word from DX Port 

LODS =Load Byte/Word to ALVAX/EAX 

MOVE = Move Byte/Word 

OUTS = Output Byte/Word to DX Port 

SCAS = Scan Byte/Word 

STOS = Store Byte/Word from AL/AX/EX 

XLAT = Translate String 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS =Compare String (Find non-match) 
REPNE CMPS =Compare String (Find match) 
REP INS = Input String 

REP LODS = Load String 

REP MOVS = Move String 

REP OUTS = Output String 

REPE SCAS = Scan String (Find non-AL/AX/EAX) 
REPNE SCAS = Scan String (Find ALVAX/EAX) 


REP STOS = Store String 





o00000W immediate data 


00001 10 wi] immediate data 


01100dwi{modreg r/ 


011000w| mod reg r/ 


01100 1w{modreg r/ 


000000W immediate data 


0110%10wt] immediate data 


1110141wiymod 010 rm 


101001i1Ww 


1010010Ww 


0110111Ww 


101011I1Ww 


1010101Ww 


11110011/1010011w 


1141110010;1010011Ww 


0110110Ww 


11110010/1010110w 


11110010/1010010w 
0110111Ww 


1010111w 


11110010}7;1010111w 


111100104101010i1Ww 





Clock Count 
Virtual 8086 10° 
Mode 


9*/29°* 


5° 


vy Aled 


8*/28°* 


7* 


4° 


5* 


5+9n** 


5+9n** 


13+6n* 


“IFCPLSIOPL ** If CPL>IOPL ***Clock count shown applies if /O permission allows I/O to the port in Virtual 8086 Mode. If /O bit map 
denies permission Exception 13 fault occurs; refer to clock counts for INT3 instruction. 
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s/t, h,m 
h 
h 


s/t, h,m 


h 

h 
s/t, h,m 

h 

h 


s/t,h,m 
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Am386SXL Instruction Set Clock Count Summary (continued) 


Instruction 
BIT MANIPULATION 


BSF =Scan Bit Forward 
BSR =Scan Bit Reverse 

BT = Test Bit 
Register/Memory, Immediate 
Register/Memory, Register 
BTC =Test Bit and Complement 
Register/Memory, Immediate 
Register/Memory, Register 
BTR = Test Bit and Reset 
Register/Memory, Immediate 
Register/Memory, Register 
BTS = Test Bit and Set 
Register/Memory, !mmediate 
Register/Memory, Register 
CONTROL TRANSFER 
CALL =Call 

Direct Within Segment 


Register/Memory 
Indirect Within Segment 


Direct Intersegment 


Format 


00001111%4101%41%41%1004 modreg rim 


00001111/;/1011%1%101 4 modreg r/m 


00001111/;/10111010;);mod100 rm 


00001111141010001 14 modreg rim 


0000111114101110%10%)mod 1411 = rm 


10111011 


00001111 mod reg r/m 


00001111/4/10111010)mod110 rm 


00001111410110011+4 modreg r/m 


10000171114101%11010fmod101 


00001111/10101011 


mod reg rim 


11101000 | full displacement 


1111411141 ~4)mod010 rm 


10011010 | unsigned full offset, selector 


Protected Mode Only (Direct Intersegment) 
Via Call Gate to Same Privilege Level 
Via Cail Gate to Different Privilege Level (No Parameters) 
Via Call Gate to Different Privilege Level (x Parameters) 


From 80286 Task to 80286 TSS 


From 80286 Task to AM386SXL CPU TSS 

From 80286 Task to Virtual 8086 Task (Am386SXL CPU TSS) 

From Am386SXL CPU Task to 80286 TSS 

From Am386SXL CPU Task to Am386SXL CPU TSS 

From Am386SXL CPU Task to Virtual 8086 Task (Am386SXL CPU TSS) 


Indirect Intersegment 


111111114 = >mod 011 rm 


Protected Mode Only (Indirect Intersegment) 
Via Call Gate to Same Privilege Level 
Via Call Gate to Different Privilege Level (No Parameters) 
Via Call Gate to Different Privilege Level (x Parameters) 


From 80286 Task to 80286 TSS 


From 80286 Task to Am386SXL CPU TSS 

From 80286 Task to Virtual 8086 Task (Am386SXL CPU TSS) 

From Am386SXL CPU Task to 80286 TSS 

From Am386SXL CPU Task to Am386SXL CPU TSS 

From Am386SXL CPU Task to Virtual 8086 Task (Am386SXL CPU TSS) 


*IFCPLSIOPL ** IfCPL>IOPL 





1-412 


(1) Immediate 8-bit data 


Am386SXL Microprocessor 


(1) 


(1) 


(1) 


(1) 


(1) | 


Clock Count 


10+3n’* 


10+3n* 


Protected 
Virtual 
Address 
Mode 


64+m 
98+m 


106 + 8x+m 


285 
310 
229 
285 
392 
309 


46+m 


68+m 
102+m 


110+ 8x+m 


Notes 


Real 
Address 
Mode/ 
Virtual 
8086 Mode 





Protected 
Virtual 
Address 
Mode 


h, j,k, r 
h, j,k, 
h,j,k,¢ 
h,j,k,r 
h,j,k,r 
h, j,k, r 
h, j,k, r 
h,j, k,r 
h,j,k,¢ 
h,j,k,r 


h, j, K, r 
h,j, k,r 
h,j,k,¢ 
h, j, kK, r 
h, j,k, r 
h, j,k, r 
h, j,k, r 
h,j,k,r 
h,j, Kk, r 


Am386SXL Instruction Set Clock Count Summary (continued) 


Clock Count 





Real 
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Notes 





Addresa Protected Protected 
Mode/ Virtual Virtual 
P Virtual Address Address 
Instruction Format 8086 Mode | Mode Mode 
CONTROL TRANSFER (continued) 
JMP = Unconditional Jump 
Short 8-bit displacement r 
Direct within Segment full displacement r 
we edict With FEEREERES CCERE - 
Indirect Within Segment 147419144 [mod 100 tm 
Direct Intersegment unsigned full offset, selector jkr 
Protected Mode Only (Direct Intersegment) 
Via Call Gate to Same Privilege Level h,j,k,r 
From 80286 Task to 80286 TSS h, jkr 
From 80286 Task to Am386SXL CPU TSS h,j,k,r 
From 80286 Task to Virtual 8086 Task (Am386SXL CPU TSS) hj, kr 
From Am386SXL CPU Task to 80286 TSS h, j,k, r 
From Am386SXL CPU Task to AM386SXL CPU TSS h, j,k, ¢ 
From Am386SXL CPU Task to Virtual 8086 Task (Am386SXL CPU TSS) hj. k.¢ 
h,j,K,¢ 
Indirect Intersegment mod 101 = r/m 
Protected Mode Only (Indirect Intersegment) h,j,k,r 
Via Call Gate to Same Privilege Level h,j, kr 
From 80286 Task to 80286 TSS h, j,k, ¢ 
From 80286 Task to Am386SXL CPU TSS h, j,k, r 
From 80286 Task to Virtual 8086 Task (Am386SXL CPU TSS) h,j, kr 
From Am386SXL CPU Task to 80286 TSS h, j,k, r 
From Am386SXL CPU Task to AM386SXL CPU TSS h,j,k,r 
From Am386SXL CPU Task to Virtual 8086 Task (Am386SXL CPU TSS) 
RET = Return from Call 
g,h,r 
Within Segment 
1100001 1 g,h,r 
Within Segment Adding Immediate to SP 
1100001 0 | 16-bit displacement g.h, j,k, r 
Intersegment 
Intersegment Adding Immediate to SP 
11001010 | 16-bit displacement 
Protected Mode Only (RET): to Different Privilege Level h,j,k,r 
Intersegment h,j, k,r 
Intersegment Adding Immediate to SP 
CONDITIONAL JUMPS (Note: Times are Jump “Taken or Not Taken”) 
JO = Jump on Overflow 
7+mor3 r 
8-bit Displacement 
— 7+mor3 r 
Full Displacement 01110000 | 8-bit displacement 
JNO = Jump on Not Overflow 00001111;710000000 full displacement 
7+mor3 r 
8-bit Displacement 
7+mor3 r 
Full Displacement 01110001 | 8-bit displacement 
00001111110000001 full displacement 
“If CPL<IOPL ** If CPL>IOPL 
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Am386SXL Instruction Set Clock Count Summary (continued) 


Instruction Format 
CONDITIONAL JUMPS (continued) 

JB/JNAE =Jump on Below/Not Above or Equal 

8-bit Displacement 
Full Displacement 
JNB/JAE =Jump on Not Below/Above or Equal 
8-bit Displacement 

Full Displacement 

JE/JZ = Jump on Equal/Zero 
8-bit Displacement 

Full Displacement | 
JNE/JNZ = Jump on Not Equai/Not Zero 

8-bit Displacement 

Full Displacement 


JBE/JNA =Jump on Below or Equal/Not Above 


01110010 


00001111 


01110011 


00001111 


01110100 


00001111 


01110101 


00001111 


8-bit displacement 


10000010 full displacement 
8-bit displacement 


10000011 full displacement 


8-bit displacement 


10000100 full displacement 


8-bit displacement 


10000101 


full displacement 


8-bit Displacement 1011104110 | 8-bit displacement 


Full Displacement 00001111 


JNBE/JA = Jump on Not Below or Equal/Above 
8-bit Displacement 
Full Displacement 
JS = Jump on Sign 


8-bit Displacement 


Full Displacement 00001111 


JNS = Jump on Not Sign 
8-bit Displacement 
Full Displacement 


JP/JPE = Jump on Parity/Parity Even 


8-bit Displacement 01111010 


Full Displacement 
JNP/JPO = Jump on Not Parity/Parity Odd 
8-bit Displacement 


Full Displacement 





1-414 


01110111 


00001111 


01111000 


01111001 


00001111 


000011117/10001010 


01111011 


00001111 


10000110 full displacement 
8-bit displacement 
10000111 full displacement 
8-bit displacement 
10001000 full displacement 
8-bit displacement 


10001001 full displacement 


8-bit displacement 


full displacement 


8-bit displacement 


10001011 full displacement 


Am386SXL Microprocessor 


Real 
Address 
Mode/ 
Virtual 
8086 Mode 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


| 7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


Protected 
Virtual 
Address 
Mode 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


| 7+mor3 | 


7+mor3 


| 7+mor3 


7+mor3 


| 74mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 





Protected 
Virtual 
Address 
Mode 
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Am386SXL Instruction Set Clock Count Summary (continued) 


instruction Format 
CONDITIONAL JUMPS (continued) 


JL/JNGE = Jump on Less/Not Greater or Equal 


01111100 


8-bit Displacement 8-bit displacement 


Full Displacement 00001111110001100 full displacement 


JNL/JGE = Jump on Net Less/Greater or Equal 


8-bit Displacement 01111101 | 8-bit displacement 


Full Displacement 000011114,10001101 full displacement 


JLE/JNG= Jump on Less or Equal/Not Greater 


01111110 | 8-bit displacement 


8-bit Displacement 


Full Displacement 00001111410001110 full displacement 


JNLE/JG = Jump on Not Less or Equal/Greater 


8-bit Displacement 01111114 | 8-bit displacement 


Full Displacement 0000111147100011411 full displacement 


JCXZ= Jump on CX Zero* 11100011 | 8-bit displacement 


JECXZ = Jump on ECX Zero 1110001 1 | 8-bit displacement 


11100010 


LOOP = Loop CX Times 8-bit displacement 


LOOPZ/LOOPE = Loop with Zero/Equal 


11100001 { 8-bit displacement 


LOOPNZ/LOOPNE = Loop while Not Zero 11100000 | 8-bit displacement 


CONDITIONAL BYTE SET (Note: Times Are Register/Memory) 


SETO = Set Byte on Overflow 





Real 
Address 
Mode/ 
Virtual 
8086 Mode 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


9+mor5 


| 94+mor5 


114m 


1i+m 


114+m 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


7+mor3 


9+mor5 


9+mor5 


i1+m 


i14+m 


1i+m 





Protected 
Virtual 
Address 





SETNO = Set Byte on Not Overfiow 
SETB/SETNAE = Set Byte on Below/Not Above or Equal 
SETNB =Set Byte on Not Below/Above or Equal 
SETE/SETZ = Set Byte on Equai/Zero 
SETNE/SETNZ =Set Byte on Not Equal/Not Zero 
* Address Size Prefix differentiates JCXZ from JECXZ | 
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Am386SXL Instruction Set Clock Count Summary (continued) 
Notes 










Protected Protected 
Virtual Virtual 
Address | Address 





Instruction Format Mode 8086 Mode| Mode 
CONDITIONAL BYTE SET (continued) 


SETBE/SETNA = Set Byte on Below or Equal/Not Above 














SETNBE/SETA = Set Byte on Not Below or Equal/Above 
SETS = Set Byte on Sign 
SETNS = Set Byte on Not Sign 
SETP/SETPE = Set Byte on Parity/Parity Even 
SETNP/SETPO =Set Byte on Not Parity/Parity Odd 
SETL/SETNGE = Set Byte on Less/Not Greater or Equal 
SETNL/SETGE = Set Byte on Not Less/Greater or Equal 
SETLE/SETNG = Set Byte on Less or Equal/Not Greater 
SETNLE/SETG = Set Byte on Not Less or Equal/Greater 
ENTER = Enter Procedure 
L=0 10 10 h 
L=1 14 14 h 
L>1 17+8(n—1) | 17+8(n—1) h 
LEAVE = Leave Procedure 
11001001 h 


INTERRUPT INSTRUCTIONS 


INT =Interrupt: 


Type Specified 
11001101 | type 
Type 3 
11001100 
INTO =Interrupt 4 if Overflow Flag Set 
IfOF <4 11001110 
If OF =0 


“IfCPLsiOPL ** If CPL>IOPL 
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Am386SXL Instruction Set Clock Count Summary (continued) 














Notes 
Instruction Format 
INTERRUPT INSTRUCTIONS (continued) 
INT = Interrupt: 
Type Specified 
Type 3 
Bound = Interrupt 5 if Detected Value Out of Range 
If Out of Range 44 b,e e,9,h,j,k,r 
If In Range 10 b,e e,g,h,j,.k,r 
Protected Mode Only (INT) 
INT: Type Specified 
Via Interrupt or Trap Gate to Same Privilege Level 
Via Interrupt or Trap Gate to Different Privilege Level Q,j, kr 
From 80286 Task to 80286 TSS via Task Gate 9, j,k, 
From 80286 Task to Am386SXL CPU TSS via Task Gate g,j.k,r 
From 80286 Task to Virtual 8086 Mode via Task Gate g.j,k,r 
From Am386SXL CPU Task to 80286 TSS via Task Gate g.j,k,r 
From Am386SXL CPU Task to Am386SXL CPU TSS via Task Gate g.j,k.r 
From Am386SXL CPU Task to Virtual 8086 Mode via Task Gate QJ, kr 
From Virtual 8086 Mode to 80286 TSS via Task Gate g,j,k,r 
From Virtual 8086 Mode to AmM386SXL CPU TSS via Task Gate g, j,k, r 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate g, j,k, r 
g,j,k,r 
INT: Type 3 
Via Interrupt or Trap Gate to Same Privilege Level 
Via Interrupt or Trap Gate to Different Privilege Level 9. j,k. r 
From 80286 Task to 80286 TSS via Task Gate 9,j,k,r 
From 80286 Task to Am386SXL CPU TSS via Task Gate g,j,k,r 
From 80286 Task to Virtual 8086 Mode via Task Gate g,j,k,r 
From Am386SXL CPU Task to 80286 TSS via Task Gate g,j,k,r 
From Am386SXL CPU Task to Am386SXL CPU TSS via Task Gate g.j,k,r 
From Am386SXL CPU Task to Virtual 8086 Mode via Task Gate g, j,k, 
From Virtual 8086 Mode to 80286 TSS via Task Gate g,j, kr 
From Virtual 8086 Mode to Am386SXL CPU TSS via Task Gate g,j,k,r 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate g, j,k, r 
g,j,k,r 
INTO 
Via Interrupt or Trap Gate to Same Privilege Level 
Via Interrupt or Trap Gate to Different Privilege Level Q.j,kr 
From 80286 Task to 80286 TSS via Task Gate 9,j,k,r 
From 80286 Task to AM386SXL CPU TSS via Task Gate g.j,k.r 
From 80286 Task to Virtual 8086 Mode via Task Gate g,j,k,¢ 
From Am386SXL CPU Task to 80286 TSS via Task Gate g,j,k,r 
From Am386SXL CPU Task to AmM386SXL CPU TSS via Task Gate Q.j,k.r 
From Am386SXL CPU Task to Virtual 8086 Mode via Task Gate g,j,k,r 
From Virtual 8086 Mode to 80286 TSS via Task Gate g.j,k,r 
From Virtual 8086 Mode to AmM386SXL CPU TSS via Task Gate Q.jk.r 
From Virtual 8086 Mode to Privilege Level 0 via Trap Gate or Interrupt Gate g,j,k,r 
g,j,k,r 
BOUND 
Via Interrupt or Trap Gate to Same Privilege Level 
Via interrupt or Trap Gate to Different Privilege Level g,j,k,r 
From 80286 Task to 80286 TSS via Task Gate g,j,k,r 
From 80286 Task to Am386SXL CPU TSS via Task Gate g,j,k,r 
g,j,k,r 
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Am386SXL Instruction Set Clock Count Summary (continued) 





Clock Count 












Real 
Address 
Mode/ 

p Virtual 
Instruction Format 


INTERRUPT INSTRUCTIONS (continued) 


BOUND (continued) 

From 80286 Task to Virtual 8086 Mode via Task Gate 

From Am386SXL CPU Task to 80286 TSS via Task Gate 

From Am386SXL CPU Task to Am386SXL CPU TSS via Task Gate 

From Am386SXL CPU Task to Virtual 8086 Mode via Task Gate 

From Virtual 8086 Mode to 80286 TSS via Task Gate 

From Virtual 8086 Mode to Am386SXL CPU TSS via Task Gate 

From Virtual 8086 Mode to Priviege Level 0 via Trap Gate or Interrupt Gate 


INTERRUPT RETURN 


IRET = Interrupt Return 4100111 ay 


Protected Mode Only (IRET) 
Via Interrupt or Trap Gate to Same Privilege Level (within Task) 
Via Interrupt or Trap Gate to Different Privilege Level (within Task) 
From 80286 Task to 80286 TSS 
From 80286 Task to Am386SXL CPU TSS 
From 80286 Task to Virtual 8086 Task 
From 80286 Task to Virtual 8086 Mode (within Task) 
From Am386SXL CPU Task to Virtual 8086 TSS 
From Am386SXL CPU Task to 80286 TSS 
From Am386SXL CPU Task to Am386SXL CPU TSS 
From Am386SXL CPU Task to Virtual 8086 Mode (within Task) 


PROCESSOR CONTROL 


HLT = Halt 11110100, 


MOV = Move To and From Control/Debug/Test Registers 


CRO/CR2/CR3 from Register 00001111/00100010/]1 1 eee reg 


Register from CR3-—CRO 000011111/00100000] 1 1 eee reg 
DR3--DRO from Register 00001111{001000111]1 1 eee reg 


10/4/5 


5 


DR7—-DR6 from Register 00001111100100011+]1 1 eee reg 


Register from DR7—DR6 00001111 


00100001 


Register from DR3—DRO 00001111100100001/]1 1 eee reg 


1 1 eee reg 


TR7—TR6 from Register 00001111;/001001104]1 1 eee reg 


Register from TR7-TR6 00001111{/00100100]1 1 eee reg 


NOP = No Operation 10010000 


WAIT = Wait until BUSY pin is negated 10011011 


PROCESSOR EXTENSION INSTRUCTIONS 


See 387SXL 
Processor Extension Escape 110711TTT}modLLL tm Datasheet 
TTT and LLL bits are op-code information for coprocessor. for clock 
PREFIX BYTES counts 


Address Size Prefix 01100111 





1-418 Am386SXL Microprocessor 





8086 Mode 


Protected 
Virtual 
Address 


Mode 


10/4/5 


6 


22 


16 


14 





Address 
Mode/ 
Virtual 
8086 Mode 





Notes 


Protected 
Virtual 
Address 
Mode 








g,j,k,6 
g,j,k,r 
g,j, k,r 
g,j,k,r 
g,j,k,r 
g,j,k,r 
g,j,k,r 


g,hj,k,r 


g,h,j,k,r 
g,h,j,k,r 
eel al alg 
h,j,k,r 
h, j,k, r 
h.j. ker 
h,j, k,r 
h,j,k,r 
h,j,k,r 
h, j,k, r 
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Clock Count Notes 
pe Protected Protected 
Mode/ Virtual Virtual 
Virtual Address Address 
Instruction Format 8086 Mode | Mode Mode 
PREFIX BYTES (continued) 
LOCK = Bus Lock Prefix 11110000 m 
Operand Size Prefix 01100110 
Segment Override Prefix 
CS 00101110 
DS 001111410 
ES 00100110 
FS 01100100 
Gs 01100101 
ss 00110110 
PROTECTION CONTROL 
ARPL= Adjust Requested Privilege Level 
From Register/Memory 01100011 | modreg r/m 20/21 ** h 
LAR = Load Access Rights 
From Register/Memory 00001111/00000010 g,h,j,p 
LGDT = Load Global Descriptor 
Table Register 00001111 00000001] mod 010 #m| h, | 
LIDT = Load Interrupt Descriptor 
Table Register 00001111/00000001|mod011 rm h, | 
LLDT = Load Local Descriptor 
Table Regiser to Register/Memory lo0001111100000000 g,h,j, | 
LMSW = Load Machine Status Word 
From Register/Memory 00001111{00000001| mod110 rm| h,! 
LSL =Load Segment Limit 
From Register/Memory 00001111{1/0000001 1] modreg r/m 
Aaa et cal g:Pjsp 
age- ular Limi 95/26" a.hip 
LTR =Load Task Register 
From Register/Memory 00001111/00000000 23/27* g,h,j, | 
SGDT = Store Global Descriptor 
Table Register 00001111/4/00000001]|mod000 rm h 
SIDT = Store Interrupt Descriptor 
Table Register 00001111 00000001] mod 001 «m| h 
*ICPLSIOPL ** If CPL>IOPL 
Am386SXL Microprocessor 1-419 


cl AMD 


Am386SXL Instruction Set Clock Count Summary (continued) 
| Clock Count__| Notes 


Real 





Address Protected 
Mode/ Virtual 
Virtual Address 
Instruction Format 8086 Mode Mode 


PROTECTION CONTROL (continued) 


SLDT = Store Local Descriptor Table Register 


SMSW = Store Machine Status Word h, | 
STR =Store Task Register 

VERR = Verify Read Access 

VERW= Verify Write Access gh, j, p 


*IfFCPLSIOPL = ‘** If CPL>IOPL 





Instruction Notes for Instruction Set Summary 
Notes a through c apply to Real Address Mode only: 
a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in Exception 6 (invalid op-code). 


b. Exception 13 fault (general protection) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the 
maximum CS, DS, ES, FS, or GS limit (FFFFH). Exception 12 fault (stack segment limit violation or not present) will occur in Real Mode if an 
operand reference is made that partially or fully extends beyond the maximum SS limit. 


c. This instruction may be executed in Real Mode. in Real Mode, its purpose is primarily to initialize the CPU for Protected Mode. 
Notes d through g apply to Real Address Mode and Protected Virtual Address Mode: 


d. The Am386SXL CPU uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most significant bit in 
the operand (multiplier). 


Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > 0, then max ([logo |m|], 3) +b clocks; 
=if m=0, then 3+b clocks 


In this formula, mis the multiplier, and 

b=9 for register to register; 

b = 12 for memory to register; 

b = 10 for register with immediate to register; 
b=11 for memory with immediate to register. 


e. An exception may occur, depending on the value of the operand. 

f. LOCKis automatically asserted, regardless of the presence or absence of the LOCK prefix. 
g. LOCKis asserted during descriptor table accesses. 

Notes h through r apply to Protected Virtual Address Mode only: 


h. Exception 13 fault will occur if the memory operand in CS, DS, ES, FS, or GS cannot be used due to either a segment limit violation or an 
access rights violation. If a stack limit is violated, an Exception 12 occurs. 


i. For segment load operations, the CPL, RPL, and DPL must agree with the privilege rules to avoid an Exception 13 fault. The segment's 
descriptor must indicate “present” or Exception 11 (CS, DS, ES, FS, GS not present). If the SS register is loaded and a stack segment not 
present is detected, an Exception 12 occurs. 


j. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK to maintain descriptor integrity in 
multiprocessor systems. 


k. JMP, CALL, INT, RET, and IRET instructions referring to another code segment will cause an Exception 13, if an applicable privilege rule is 
violated. 


An Exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
. An Exception 13 fault occurs if CPL is greater than IOPL. 
The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are updated only if CPL =0. 
The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into CRO if desiring to reset the PE bit. 
Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero flag is cleared. 


If the coprocessor’s memory operand violates a segment limit or segment access rights, an Exception 13 fault will occur before the ESC 
instruction is executed. An Exception 12 fault will occur if the stack limit is violated by the operand’s starting address. 


r. The destination of a JMP, CALL, INT, RET, or IRET must be in the defined limit of a code segment or an Exception 13 fault will occur. 
s/t. The instruction will execute in s clocks if CPL < IOPL. If CPL>IOPL, the instruction will take t clock. 


2vo 353 
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Instruction Encoding 
Overview 


All instruction encodings are subsets of the general 
instruction format shown in the AmM386SXL Instruction 
Set Clock Count Summary (pages 1-406 thru 1-420). 
Instructions consist of one or two primary op-code 
bytes, possibly an address specifier consisting of the 
mod r/m byte and scaled index byte, a displacement if 
required, and an immediate data field if required. 


Within the primary op-code(s), smaller encoding fields 
may be defined. These fields vary according to the class 
of operation. The fields define such information as 
direction of the operation, size of the displacements, 
register encoding, or sign extension. 


Almost all instructions referring to an operand in 
memory have an addressing mode byte following the 
primary op-code byte(s). This byte (mod r/m) specifies 
the address mode to be used. Certain encodings of the 
mod r/m byte indicate a second addressing byte 
(scale-index-base byte) follows the mod r/m byte to fully 
specify the addressing mode. 


Addressing modes can include a_ displacement 
immediately following the mod r/m byte, or scaled index 
byte. If a displacement is present, the possible sizes are 
8, 16, or 32 bits. 


lf the instruction specifies an immediate operand, the 
immediate operand follows any displacement bytes. 
The immediate operand, if specified, is always the last 
field of the instruction. 


Figure 56 illustrates several of the fields that can appear 
in an instruction, such as the mod field and the r/m field, 
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but Figure 56 does not show all fields. Several smaller 
fields also appear in certain instructions, sometimes 
within the op-code bytes themselves. Table 22 is a 
complete list of all fields appearing in the Instruction Set. 
Further ahead, following Table 22, are detailed tables 
for each field. 


32-Bit Extensions of the Instruction Set 


With the Am386SXL CPU, the 8086/80186/80286 
Instruction Set is extended in two orthogonal directions: 
32-bit forms of all 16-bit instructions are added to 
support the 32-bit data types; and, 32-bit addressing 
modes are made available for all instructions referenc- 
ing memory. This orthogonal instruction set extension is 
accomplished having a Default (D) bit in the code seg- 
ment descriptor, and by having 2 prefixes to the 
instruction set. 


Whether the instruction defaults to operations of 16 bits 
Or 32 bits depends on the setting of the D bit in the code 
segment descriptor, which gives the default length 
(either 32 bits or 16 bits) for both operands and effective 
addresses, when executing that code segment. In the 
Real Address Mode or Virtual 8086 Mode, no code 
segment descriptors are used, but a D value of 0 is 
assumed internally by the Am386SXL CPU when 
operating in those modes (for 16-bit default sizes 
compatible with the 8086/80C186/80286). 


Two prefixes, the Operand Size Prefix and the Effec- 
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective ad- 
dress size. These prefixes may precede any op-code 
bytes and affect only the instruction they precede. If 
necessary, one or both of the prefixes may be placed 


Table 22. Fields within Instructions 


Field Name Number of Bits 


Specifies if data is byte or full size (full size is either 16 or 32 bits) 


Specifies direction of data operation 


Specifies if an immediate data field must be sign-extended 


reg General Register Specifier 
mod r/m 


Ss Scale Factor for Scaled Index Address Mode 

index General Register to be used as Index Register 

base General Register to be used as Base Register 

sreg2 Segment Register Specifier for CS, SS, DS, and ES 

sreg3 Segment Register Specifier for CS, SS, DS, ES, FS, and GS 

tttn For Conditional Instructions, specifies a condition asserted or a condition negated 


Note: Table 21 shows encoding of individual instructions. 


Address Mode Specifier (effective address can be a General Register) 





3 
2 for mod; 3 for r/m 
2 


TTTTITTTTITTTTtTTTdqT qimeod TTT r/m|] ss_ index base | d32|16| 8 | none data32 | 16 | 8 | none 


7 0 7 0765 3 20 765 3 2 0 
Re ee 
op-code mod r/m s-i-b address immediate 
(one or two bytes) byte byte displacement data 
(T represents an op-code bit) ——— (4, 2, 1 bytes, (4, 2, 1 bytes, 
register and address or none) or none) 
mode specifier 
15022B-041 


Figure 56. General Instruction Format 


Am386SXL Microprocessor 1-421 


ol AMD 


before the op-code bytes. The presence of the Operand 
Size Prefix and the Effective Address Prefix will toggle 
the operand size or the effective address size, 
respectively, to the value opposite from the Default 
setting. For example, if the default operand size is for 
32-bit data operations, then presence of the Operand 
Size Prefix toggles the instruction to 16-bit data 
operation. As another example, if the default effective 
address size is 16 bits, presence of the Effective 
Address Size prefix toggles the instruction to use 
32-bit effective address computations. 


These 32-bit extensions are available in all modes, 
including the Real Address Mode and the Virtual 8086 
Mode. In these modes the default is always 16 bits, so 
prefixes are needed to specify 32-bit operands or 
addresses. For instructions with more than one prefix, 
the order of prefixes is unimportant. 


Unless specified otherwise, instructions with 8-bit and 
16-bit operands do not affect the contents of the 
high-order of the extended registers. 


Encoding of instruction Fields 


Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immediately 
ahead. 


Encoding of Operand Length (w) Field 


For any given instruction performing a data operation, 
the instruction is executing as a 32-bit operation or a 
16-bit operation. Within the constraints of the operation 
size, the w field encodes the operand size as either one 
byte or the full operation size, as shown in the table 


below. 
During 32-Bit 


| | | Operand Size | 
During 16-Bit 
| Data Operations | Data Operations | 
0 8 Bits 8 Bits 
1 __ 16 Bits 32 Bits 


Encoding of the General Register (reg) Fieid 


The general register is specified by the reg field, which 
may appear in the primary op-code bytes, or as the reg 
field of the mod r/m byte, or as the r/m field of the mod 
r/m byte. 


Encoding of reg Field When w Field is not 
Present in Instruction 


| Register Selected Register Selected 
During 16-Bit During 32-Bit 
reg Field | Data Operations Data Operations 






Operand Size 
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Encoding of reg Field When w Field is 
Present in Instruction 


Register Specified by reg Field 
During 16-Bit Data Operations 


— Function of w Field 













Register Specified by reg Field 
During 32-Bit Data Operations 
a Function of w Field 
(when w = 0) 






Encoding of the Segment Register (sreg) Field 


The sreg field in certain instructions is a 2-bit field, allow- 
ing one of the four 80286 segment registers to be 
specified. The sreg field in other instructions is a 3-bit 
field, allowing the AmM386SXL CPU FS and GS segment 
registers to be specified. 


2-Bit sreg2 Field 


| 2-Bit sreg2 Field Segment Register Selected 
00 ES 


3-Bit sreg3 Field 
3-Bit sreg3 Field Segment Register Selected 
000 


CS 

Ss 

DS 

FS 

GS 
do not use 
do not use 
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Encoding of Address Mode 


Except for special instructions, such as PUSH or POP, 
where the addressing mode is predetermined, the ad- 
dressing mode for the current instruction is specified by 
addressing bytes following the primary op-code. The 
primary addressing byte is the mod r/m byte, and a Sec- 
ond byte of addressing information, the s-i-b (scale-in- 
dex-base) byte, can be specified. 


The s-i-b byte is specified when using 32-bit addressing 
mode, the mod r/m byte has r/m = 100, and mod = 00, 
01, or 10. When the s-i-b byte is present, the 32-bit ad- 
dressing mode is a function of the mod, ss, index, and 
base fields. 


The primary addressing byte, the mod r/m byte, 
also contains three bits (shown as TTT in Figure 56) 
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sometimes used as an extension of the primary op- 
code. The three bits, however, may also be used as a 
register field (reg). 


When calculating an effective address, either 16-bit ad- 
dressing or 32-bit addressing is used. 16-bit addressing 
uses 16-bit address components to calculate the effec- 
tive address, while 32-bit addressing uses 32-bit ad- 
dress components to calculate the effective address. 
When 16-bit addressing is used, the mod r/m byte is in- 
terpreted as a 16-bit addressing mode specifier. When 
32-bit addressing is used, the mod r/m byte is inter- 
preted as a 32-bit addressing mode specifier. 


Tables on the following pages define all encodings of all 
16-bit addressing modes and 32-bit addressing modes. 


Encoding of 16-Bit Address Mode with mod r/m Byte 


Elective Address 


DS:[BX + Sl] 
DS: [BX + Dl] 
SS:[BP + Sl] 
DS: [BP + Dl] 
DS:[S]] 
DS: [DI] 
DS:d16 
DS: [BX] 


DSBX + SI + d8] 
DS:[BX + DI + d8] 
SS:[BP + SI + d8] 
SS:[BP + DI + d8] 
DS{SI + d8] 
DS{[DI + d8] 
SS:[BP + d8] 
DS[BX + d3] 


DS:[BX + SI + d16] 
DS:[BX + DI + d16] 
SS:[BP + Sl + d16] 
SS:[BP + Sl+ d16] 
DS:[SI + d16] 
DS:[DI + d16] 
SS:[BP + d16] 
DS:[BX + d16] 


Register—See Below 
Register—See Below 
Register—See Below 
Register—See Below 
Register—See Below 
Register—See Below 
Register—See Below 
Register—See Below 
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Register Specified by r/m 
| During 16-Bit Data Operations 
Function of w Field 
mod r/m (when w = 0) (when w = 1) 
AL | 


CL 
DL 
BL 
AH 
CH 
DH 
BH 


Register Specified by r/m 
During 32-Bit Data Operations 


Function of w Field 
modrim | (whenw=0) | (whenw=1) | 
AL 


CL 
DL 
BL 
AH 
CH 
DH 
BH 
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Encoding of 32-Bit Address Mode with mod r/m Byte (no s-i-b byte present) 


DS:[EAX] DS:[EAX + 432] 
DS:[ECX] DSECX + d32] 
DS EDX] DS [EDX + d32] 
DS [EBX] DS:[EBX + d32] 
s-i-b is present | s-i-b is present 
DS:d32 | SSEBP + d32] 
DS ESI] DS ESI + d32] 
DS:[EDI] DSEDI + d32] 


DS:[EAX + d8] Register—See Below 
DS:[ECX + d8] | Register—See Below 
DS:[EDX + d8] Register—See Below 
DS:[EBX + d8] Register—See Below 
s-i-b is present Register—See Below 
SS:[EBP + d8] | Register—See Below 
DS:[ESI + d8] Register—See Below 
DS:[EDI + d8] Register—See Below 


Register Specified by reg or r/m 
During 16-Bit Data Operations 
a | Function of w Field | 
mod rim | (when w= 0) 















Register Specified by reg or r/m 
During 32-Bit Data Operations 
Function of w Field 
|_mod r/m cohen w = 0) 
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Encoding of 32-Bit Address Mode (mod r/m byte and s-i-b byte present): 





DS:[EAX + (scaled index)] 00 x1 
DS:[ECX + (scaled index)] 01 x2 
10 x4 






DS:[EDX + (scaled index)] 
DS:[EBX + (scaled index)] 
SS:[ESP + (scaled index)] 
DS:[d32 + (scaled index)] 
DS:[ESI + (scaled index)] 
DS:[EDI + (scaled index)] 


11 


EAX 
ECX 
EDX 


x8 





DS:[EAX + (scaled index) + d8] 
DS:[ECX + (scaled index) + d8] 
DS:[EDX + (scaled index) + d8] 


EBX 
no index reg (see note) 
EBP 


DS:[EBX + (scaled index) + d8] 
SS:[ESP + (scaled index) + d8] 
SS:[EBP + (scaled index) + d8] 
DS:[ESI + (scaled index) + d8] 
DS:[EDI + (scaled index) + 8] Note: When index field is 100, indicating no index register, then ss 


field must equal 00. If index is 100 and ss does not equal 00, 
the effective address is undefined. 


ESI 
EDI 





DS:[EAX + (scaled index) + d32] 
DS:[ECX + (scaled index) + d32] 
DS:[EDX + (scaled index) + d32] 
DS:[EBX + (scaled index) + d32] 
SS:[ESP + (scaled index) + d32] 
SS:[EBP + (scaled index) + d32] 
DS:[ESI + (scaled index) + d32] 

DS:[EDI! + (scaled index) + d32] 





Note: Mod field in mod r/m byte; ss, index, and base fields in s-i-b byte. 
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Encoding of Operation Direction (d) Field 


In many two-operand instructions, the d field is present 
to indicate which operand is considered the source and 
which is the destination. 


Sd | Direction of Operation 


Register/Memory <= Register 

reg Field indicates Source Operand; 

mod r/m or mod ss index base indicates Destination 
Operand. 


Register <= Register/Memory 

reg Field indicates Destination Operand; 

mod r/m or mod ss index base indicates Source 
Operand. 





Encoding of Sign-Extend (s) Field 


The s field occurs primarily to instructions with immedi- 
ate data fields. The s field has an effect only if the size of 
the immediate data is 8 bits and is being placed ina 
16-bit or 32-bit destination. 


Effect on Effect on 
Immediate Data8 Immediate Data 16|32 
BR A 


Sign-Extended Data8 to Fill 
16-Bit or 32-Bit Destination 





Encoding of Conditional Test (tttn) Field 


For the conditional instructions (conditional jumps and 
set on condition), tttn is encoded with n indicating to 
use the condition (n = 0), or its negation (n = 1), and 
ttt giving the condition to test. 


peveroric}___Gondion _____ | wn 


Overflow 

No Overflow 

Below/Not Above or Equal 

Not Below/Above or Equal 
Equal/Zero 

Not Equal/Not Zero 

Below or Equal/Not Above 

Not Below or Equal/Above 

Sign 

Not Sign 

Parity/Parity Even 

No Parity/Parity Odd 

Less Than/Not Greater or Equal 

Not Less Than/Greater or Equal 

Less Than or Equal/Not Greater Than 
Not Less Than or Equal/Greater Than 





Encoding of Control or Debug or Test Register (eee) 
Field 


For the loading and storing of the Control, Debug, and 
Test registers. 


When dualbtets as Control des ads Field 


CR 
ne one 
011 CR 

Do not use any other aa 


When Interpreted as Debug Register Field 








Do not use any other encoding 


When eee as Test Register Field 
110 TR6 
111 TR7 


Do not use any other encoding | 
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Am386™DXLV 
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Advanced 
Micro 
High-Performance, Low-Voltage, 32-Bit Microprocessor Devices 


DISTINCTIVE CHARACTERISTICS 


= Operating voltage range 3.0 V to 5.5 V—ideal 

for portable PC applications 

—~25 MHz operating frequency for 3.0 V to 5.5 V, 
33 MHz operating frequency for 4.5 V to 5.5 V 

—2X improvement in battery life over existing 5 V 
designs 

—wWide range of chipsets and other logic available 
for 3 V systems with support for Standby Mode 
operation 

—True static design for long battery life 

—Power consumption 85% lower than Intel i386DX, 
65% lower than Am386DXL processor 

——Performance on demand (0 to 33 MHz) 


= SMM (System Management Mode) for system 

and power management 

— SMI (System Management Interrupt) for power B 
management independent of processor operating 
mode and operating system 

—SMI coupled with I/O instruction break feature 
provides transparent power off and auto resume 
of peripherals which may not be “power aware” 


Typical Power Consumption 


Y 
j 
Yy 





—SMI is non-maskable and has higher priority than 
NMI 


—dAutomatic save and restore of the microprocessor 
state 

—Wide range of chipsets supporting SMM available 
to allow product differentiation 

ideal for desktop PCs 


—Lower heat dissipation due to lower operating 
voltage allows elimination of fan 


“Float” input to facilitate system debug and 
test 
Compatible with 386DX systems and software 


Supports 387DX-compatible math 
coprocessors 


132-pin PQFP package with optional protective 
ring for better lead coplanarity 


AMD® advanced 0.8 micron CMOS technology 


~ 
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GENERAL DESCRIPTION 


The Am386DXLV microprocessor is a low-voltage, true 
Static implementation of the Intel i886DX microproces- 
sor. The operating voltage range is 3.0 Vto5.5 V. The 
low-voltage operation makes it ideal for both desktop 
and battery-powered portable personal computers. For 
desktop PCs, low heat dissipation allows the system de- 
signers to remove or reduce the size and cost of the sys- 
tem cooling fan. The AM386DXLV microprocessor op- 
erates ata maximum speed of 25 MHz from 3.0 to 5.5 V 
and at a maximum speed of 33 MHz from 4.5 to 5.5 V. 


The Am386DXLV microprocessor’s lower operating 
voltage and true static design enables longer battery 
life and/or lower weight for portable applications. At 
25 MHz, this device has 80% lower operating Icc than 
the Intel i386DX. Lowering typical operating voltage 
from 5.0V to 3.3 V doubles the battery life. Standby 
Mode allows the Am386DXLV microprocessor to be 
clocked down to 0 MHz (DC) and retain full register con- 
tents. In Standby Mode, typical current draw is 0.01 mA, 
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a greater than 1000X reduction in power consumption 
versus the Intel i886DX or Intel i8386SX. 


The Am386DXLV processor is available in a small foot- 
print 132-pin Plastic Quad Flat Pack (PQFP) package. 
This surface-mount package is 40% smaller than a PGA 
package, allowing smaller lower-cost board designs 
without the need for a socket. 


Additionally, the Am386DXLV processors comes with 
SMM for system and power management. SMI is a non- 
maskable, higher priority interrupt than NMI and has its 
own code space (1 Mb). SMI can be coupled with the I/O 
instruction break feature to implement transparent 
power management of peripherals. SMM can be used 
by system designers to implement system and power 
management code independent of the operating system 
or the Processor Mode. 


The AmM386DXLYV processor incorporates a float pin that 
places all outputs in a three-state mode to facilitate 
board test and debug. 
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FUNCTIONAL DESCRIPTION 


Benefits of Lower Operating Voltage 


The Am386DXLV microprocessor has an operating 
voltage range of 3.0 V to 5.5 V. Low voltage allows for 
lower operating power consumption, longer battery life, 
and/or smaller batteries for notebook applications. 


Because power is proportional to the square of voltage, 
reduction of the supply voltage from 5.0 V to 3.3 V 
reduces power consumption by 56%. This directly 
translates to a doubling of battery life for portable appli- 
cations. Lower power consumption can also be used to 
reduce the size and weight of the battery. Thus, 3 V 
designs facilitate a reduction in the form factor. For 
desktop PCs, low power consumption means elimina- 
tion of the cooling fan, thus reducing the size and noise 
of the PC. 


A lower operating voltage results in a reduction of I/O 
voltage swings. This reduces noise generation provid- 
ing a less hostile environment for board design. It also 
reduces electromagnetic radiation noise making it eas- 
ier to obtain FCC approval. 


SMM-System Management Mode 


The Am386DXLV processor has a new System Man- 
agement Mode (SMM) for system and power manage- 
ment. This mode consists of two features: System 
Management Interrupt (SMI) and I/O instruction break. 


SMI—System Management Interrupt 


SMI is implemented through the use of special bus in- 
terface pins. This interrupt method can be used to per- 
form system management functions such as power 
management independent of Processor Operating 
Mode (Real, Protected, or Virtual 86 Modes). 


SMI can also be invoked in software. This allows system 
software to communicate with SMI power management 
code. In addition, an instruction called UMOV allows 
data transfers between SMI and normal system memory 
spaces. 


Activating the SMI pin invokes a sequence which saves 
the operating state of the processor into a separate 
SMM memory space, independent of the main system 
memory. After the state is saved, the processor is forced 
into Real Mode and begins execution at address 
FFFFFFFOh where a far jump to the SMM code is exe- 
cuted. This Real Mode code can perform its system 
management function and then resume execution of the 
normal system software by executing a special opcode 
sequence which will reload the saved processor state 
and continue execution in the main system memory 
space. See Figure 1 for a general flowchart of an SMM 
operation. 
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SMI sampled 
active (Low) 


Current instruction 
finishes execution, 





normal ADS goes inactive 











CPU saves state to sepa- 
rate SMM memory space, 
starting at address 
60000H 


CPU enters Real Mode, 
starts code fetches at 
location FFFFFFFOh in 
SMM memory space 





Real Mode SMM interrupt 
handler code execution 
(after FAR JUMP) 


Restore saved state from 
60000h with OF 07 
opcode sequence 









Normal code 
execution 
resumes 


Figure 1. SMM Flow 


CPU Interface—Pin Functions 


The CPU interface for SMM consists of three pins dedi- 
cated to the SMI function. One pin, SMI, is the new inter- 
rupt input. The other two pins, SMIADS and SMIRDY, 
provide the control signals necessary for the separate 
SMI Mode memory space. 


SMM Operation 

The execution of a System Management Interrupt has 
four distinct phases: the initiation of the interrupt via 
SMI, a processor state save, execution of the SMM in- 
terrupt code, and a processor state restore (to resume 
normal operation). 
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Interrupt Initiation 


A System Management Interrupt is initiated by the driv- 
ing of an active Low pulse on the SMI pin of at least four 
CLK2 periods. This pulse period will ensure recognition 
of the interrupt. The CPU will drive the SMI pin active af- 
ter the completion of the current operation (active bus 
cycle, instruction execution, or both). The active drive of 
the pin by the CPU will be released at the end of the in- 
terrupt routine, following the last register read of the 
saved state. 


An SMI cannot be masked off by the CPU, and it will al- 
ways be recognized by the CPU, regardless of operat- 
ing mode. This includes the Real, Protected, and Virtual 
8086 Modes of the processor. 


While the CPU is in SMI Mode, a bus hold request via 
the HOLD pin will be granted. The HLDA pin will go ac- 
tive after bus release andthe SMIADS pin will float along 
with the other pins that normally float during a bus hold 
cycle. 


Processor State Save 


The first set of SMM bus transfer cycles after the CPU’s 
recognition of an active SMI will be the processor 
saving its state to an external RAM array in a separate 
address space from main system memory. This is ac- 
complished by using the SMIADS and SMIRDY pins 
for initiation and termination of bus cycles, instead of 
the ADS and READY pins. The 32-bit addresses to 
which the CPU saves its state are 6(0000H—600C8h and 
60100h-60124h. These are fixed address locations for 
each register saved. 


The value of BS16 and NA will be ignored during the 
state save, only full 32-bit, non-pipelined cycles are gen- 
erated for the state save cycles. In a zero wait state 
memory implementation, it will take approximately 630 
CLK2 cycles to complete the save state operation. 
There are 61 data transfer cycles. 


SMI Code Execution 


After the processor state is saved to the separate SMM 
memory space, the execution of the SMI interrupt rou- 
tine code begins. The processor enters Real Mode, sets 
most of the register values to “reset” values (those val- 
ues normally seen after a CPU reset), and begins fetch- 
ing code from address FFFFFFFOh in the separate 
SMM memory space. Normally, the first thing the inter- 
rupt routine code will do is a FAR JUMP to the Real 
Mode entry point for the SMI interrupt routine, which is 
also in SMM memory space. 


Any Real Mode interrupt routine code can be executed, 
with the obvious exception of normal interrupt routines 
(which are deferred). The SMM code can be located 
anywhere within the 1 Mb Real Mode address space, 
except where the processor state is saved. I/O cycles, 
as a result of the IN, OUT, INS, and OUTS instructions, 
will go to the normal address space, utilizing 
the normal ADS and READY bus interface signals. This 








‘ 
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facilitates power management code manipulating sys- 
tem hardware registers as needed through the standard 
I/O subsystem; a separate I/O space does not need to 
be implemented. 


Processor State Restore 
(Resuming Normal Execution) 


Returning to normal code execution in the main system 
memory, including restoring the Processor Operating 
Mode, is accomplished by executing a special code se- 
quence. This code invokes a restore CPU state opera- 
tion which reloads the CPU registers from the saved 
data in the RAM controlled by SMIADS and SMIRDY. 


The ES:EDI register pair must point to physical address 
60000h.Then the special opcode sequence OFh 07h 
should be executed to start the restore state operation. 
After completion of the restore state operation, the SMI 
pin willbe deactivated by the CPU and normal code exe- 
cution will continue at the point that it left off before the 
SMI occurred. 


In a zero wait state memory implementation, it will take 
approximately 574 CLK2 cycles to complete the restore 
state operation. There are 61 data transfer cycles. 


Software Features 


There are several features of the SMI function that pro- 
vide support for special operations during the execution 
of the system’s software. These features involve the 
execution of reserved opcodes to induce specific SMI 
related operations. 


Software SMI Generation 


Besides hardware initiation of the System Management 
Interrupt via the SMI pin, there is also a software induced 
SMI mechanism. Generating a soft SMI involves setting 
a control bit in Debug Register 7 (DR7) and executing a 
reserved opcode (OF 1H). 


The functional sequence of the software-based SMI is 
identical to the hardware-based SMI with the exception 
that the SMI pin is not initially driven active by an exter- 
nal source. Upon execution of a soft SMI opcode, the 
SMI pin is driven active (Low) by the processor before 
the save state operation begins. 


Memory Transfers to Main System Memory 


While executing an SMI routine, the interrupt code can 
initiate memory data reads and writes to the main sys- 
tem memory using the normal ADS and READY pins. 
This is accomplished by using reserved opcodes that 
are special forms of the MOV instruction (called UMOV). 
The UMOV opcodes can move byte, word, or double- 
word register operands to or from main system memory. 
Multiple data transfers using the normal ADS and 
READY pins will occur if the operands are misaligned 
relative to the effective address used. The UMOV op- 
codes are 0F10h, OF 11h, OF 12h, and OF 13h. 
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The UMOV instruction can use any of the 386 address- 
ing modes, as specified in the ModR/M byte of the op- 
code. Note that the 16- and 32-bit versions are the 
same opcodes with the exception of the 066h operand 
size prefix. The BS16 line is recognized during the 
normal memory space data transfer(s) initiated by these 
instructions. 


I/O Instruction Break 


The Am386DXLV processor has an 1/O instruction 
break feature that allows the system logic to implement 
I/O trapping for peripheral devices. To enable the I/O in- 
struction break feature, IIBEN must first be asserted ac- 
tive Low. On detecting an I/O instruction, the processor 
will prevent the execution unit from executing further in- 
structions until READY is driven active Low by the sys- 
tem. Once READY is driven active, the execution unit 
will either immediately respond to any active interrupt 
request or continue executing instructions following the 
/O instruction that caused the break. 


The I/O instruction break feature can be used to allow 
system logic to implement I/O trapping for peripheral de- 
vices. On sensing an //O instruction, the system can 
drive the SMI (or NMI or INTR) active before driving 
READY active. This ensures that the SMI service routine 
is executed immediately following the |/O instruction 
that caused the break. (If the I/O instruction break fea- 
ture is not enabled via IIBEN, several instructions after 
the I/O instruction that caused the break will execute be- 
fore the SMI service routine is executed.) The SMI serv- 
ice routine can access the peripheral for which SMI was 
asserted and modify its state. 


The SMI service routine will normally return to the in- 
struction following the 1/O instruction that caused the 
break. By modifying the saved state instruction pointer, 
the routine can choose to return to the I/O instruction 
that caused the break and re-execute that instruction. 
The default is to return to the following instruction (ex- 
cept for REP I/O strings). To re-execute the I/O instruc- 
tion that caused the break, the SMI service routine must 
copy the |/O instruction pointer over the default pointer. 
This feature is particularly useful when an application 
program requests an access to a peripheral that has 
been powered down. The SMI service routine can re- 
store power to the peripheral and initiate a re-execution 
sequence transparent to the application program. This 
re-execution feature should only be used if the SMI is in 
response to an I/O trap with IIBEN active. 
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Note that the I/O instruction break feature is not enabled 
for memory mapped I/O devices or for 80387 bus cycles 
even if IIBEN is active. 





i/O instruction Break Timing 


The I/O Instruction Break feature requires that SMI be 
sampled active (Low) by the processor at least three 
CLK2 edges before the CLK2 edge that ends the 1/O cy- 
cle with an active READY signal. This timing applies for 
both pipelined and non-pipelined cycles. If this timing 
constraint is not met, the next instruction may be exe- 
cuted by the internal execution unit prior to entering SMI 
Mode, but the SMI will be recognized eventually. 


Depending on the state of the prefetch queue at the time 
that SMI is asserted, instruction fetch cycles may occur 
on the normal ADS interface before the SMI save state 
process begins with the assertion of SMIADS. However, 
this fetched code will not be executed. 


True Static Operation 


The Am386DXLV microprocessor incorporates a true 
static design. Unlike dynamic circuit design, the 
Am386DXLV device eliminates the minimum operating 
frequency restriction. It may be clocked from its maxi- 
mum speed of 33 MHz all the way down to 0 MHz (DC). 
System designers can use this feature to design true 
32-bit battery-powered portable PCs with long battery 
life. 


Standby Mode 


This true static design allows for a Standby Mode. At any 
of its operating speeds (33 MHz to 0 MHz), the 
Am386DXLV microprocessor will retain its state (i.e., 
the contents of all of its registers). By shutting off the 
Clock completely, the device enters Standby Mode. 
Since power consumption is a function of clock fre- 
quency, operating power consumption is reduced asthe 
frequency is lowered. In Standby Mode, typical current 
draw is reduced to less than 0.01 mA at DC. 


Not only does this feature save battery life, but it also 
simplifies the design of power-conscious notebook 
computers in the following ways. 


1. Eliminates the need for software in BIOS to save 
and restore the contents of registers. 


2. Allows simpler circuitry to control stopping of the 
clock since the system does not need to know what 
state the processor is in. 
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Lower Operating icc 
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True static design also allows lower operating Icc when operating at any speed. See the following graph for typical 


current at operating speeds. 


Typical Icc 


500 
450 
400 
350 
300 
mA 250 
200 
150 
100 


50 


0 MHz 


Performance on Demand 


The Am386DXLV microprocessor retains its state at 
any speed from 0 MHz (DC) to its maximum operating 
speed. With this feature, system designers may vary the 
operating speed of the system to extend the battery life 
in portable systems. 


For example, the system could operate at low speeds 
during inactivity or polling operations. However, upon 





20 MHz 


——=#—— Am386DXLV 


—1— Am386DXL 


—— += Intel i886DX 


25 MHz 


interrupt, the system clock can be increased up to its 
maximum speed. After a user-defined time-out period, 
the system can be returned to a low (or a 0 MHz) operat- 
ing speed without losing its state. This design maxi- 
mizes battery life while achieving optimal performance. 
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CONNECTION DIAGRAMS 
132-Lead Plastic Quad Flat Pack (PQFP) Package 





15022B-002 


Note: Pin 1 is marked for orientation. 
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PQFP Pin Designations (Functional Grouping) 


Pin Pin Pin Pin | Pin’ Pin | Pin Pin | Pin Pin Pin Pin 
Name _ No. Name No. | Name No. ve No. wane No. Name _ No. 
A2 67 | A24 96 D6 = 13 Vss 51 





PQFP Pin Designations (Sorted by Pin No.) 


a4 Pin | Pin Pin Pin Pin Pin Pin en Pin Pin Pin 
Name No. Name Name No. Name | Name No. Name 
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PRELIMINARY AMD hr’ 
ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


NG 80386DXLV -—25 


LL OPTIONAL PROCESSING (PQFP Only) 


None = Trimmed and Formed PQFP in High Temp Trays 
F = Ringed POFP in horizontal tubes 
S = Ringed PQFP in coin-stack tubes 


TEMPERATURE RANGE 
Blank = Commercial (Terse = 0°C to +100°C for PQFP) 


SPEED OPTION 
—25 = 25 MHz 


DEVICE NUMBER/DESCRIPTION 


80386DXLV 
Am386DXLV 
High-Performance, Low-Voltage, 32-Bit Microprocessor 


PACKAGE TYPE 
NG = 132-Lead PQFP (PQ132, PQB132) 


Valid Combinations 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


80386DXLV 
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LOGIC SYMBOL 
2X Clock C22 > Data Bus 
Address 
Bus Float 
Interrupt 
Control 
Bus 
Cycle 
Control 
Math 
Coprocessor 
Control 
Bus 
Cycle 
Definition 
System 
> Management 
Mode 
Control 





Bus Arbitration 
Control 
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PIN DESCRIPTION 

A31—A2 

Address Bus (Outputs) 

Outputs physical memory or port I/O addresses. 


ADS 

Address Status (Active Low; Output) 

Indicates that a_valid bus cycle definition and address 
(W/R, D/C, M/lIO, BE8—BEO, and A31-—A2) are being 
driven at the AmM386DXLV microprocessor pins. 
BE3—BE0 

Byte Enable (Active Low; Outputs) 

Indicates which data bytes of the data bus take part ina 
bus cycle. 

BS16 

Bus Size 16 (Active Low; Input) 

Allows direct connection of 32-bit and 16-bit data buses. 
BS16 has an internal pullup resistor. 

BUSY 

Busy (Active Low; Input) 

Signals a busy condition from a processor extension. 
BUSY has an internal pullup resistor. 

CLK2 

Clock (Input) 

Provides the fundamental timing for the Am3886DXLV 
microprocessor. 

D31—D0O 

Data Bus (Inputs/Outputs) 

Inputs data during memory, I/O, and interrupt acknow- 
ledge read cycles and outputs data during memory and 
I/O write cycles. 

D/C 

Data/Control (Output) 

Abus cycle definition pin that distinguishes data cycles, 
either memory or I/O, from control cycles (which are 
interrupt acknowledge, halt, and instruction fetching). 
ERROR 

Error (Active Low; Input) 

Signals an error condition from a processor extension. 
ERROR has an internal pullup resistor. 

FLT 

Float (Active Low; Input) 

An input signal which forces all bi-directional and output 
signals, including HLDA, to the three-state condition. 
FLT has an internal pullup resistor. 

HLDA 

Bus Hold Acknowledge (Active High; Output) 
Indicates that the Am386DXLV microprocessor has sur- 
rendered control of its local bus to another bus master. 
HOLD 

Bus Hold Request (Active High; Input) 


Allows another bus master to request control of the local 
bus. 
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IIBEN 

I/O Instruction Break Enable (Active Low; Input) 
Enables the I/O instruction break feature. IIBEN has an 
internal pullup resistor. 

INTR 

Interrupt Request (Active High; Input) 

A maskable input that signals the Am3886DXLV micro- 
processor to suspend execution of the current program 
and execute an interrupt acknowledge function. 

LOCK 

Bus Lock (Active Low; Output) 

A bus cycle definition pin that indicates that other sys- 
tem bus masters are denied access to the system bus 
while it is active. 

M/iO 

Memory I/O (Output) 

A bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 

NA 

Next Address (Active Low; Input) 

Used to request address pipelining. 


NC 

No Connect 

Should always remain unconnected. Connection of an 
NC pin may cause the processor to malfunction or be 
incompatible with future steppings of the AmM386DXLV 
microprocessor. 

NMI 

Non-Maskable Interrupt Request 

(Active High; Input) 

A non-maskable input that signals the AmM886DXLV mi- 
croprocessor to suspend execution of the current pro- 
gram and execute an interrupt acknowledge function. 
PEREQ 

Processor Extension Request (Active High; Input) 
Indicates that the processor extension has data to be 
transferred by the Am386DXLV_ microprocessor. 
PEREQ has an internal pulldown resistor. 

READY 

Bus Ready (Active Low; Input) 

Terminates the bus cycle. 


RESET 

Reset (Active High; Input) 

Suspends any operation in progress and places the 
Am386DXLV microprocessor in a known reset state. 
SMI 


System Management Interrupt 

(Active Low; Input/Output) 

A non-maskablie interrupt pin which signals the 
Am386DXLV microprocessorto suspend execution and 
enter System Management Mode. SMI has an internal 
pullup resistor. 
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SMIADS 

SMI Address Status (Active Low, Three-State; 
Output) 

Indicates that a valid bus cycle definition and address 
(W/R, D/C, M/lO, BE3-BE0, and A31-—A2) are being 
driven at the Am386DXLV microprocessor pins while in 
System Management Mode. 


SMIRDY 


SMI Ready (Active Low; Input) 


This input terminates the current bus cycle to the SMM 
address space in the same manner the READY pin does 
forthe Normal Mode address space. SMIRDY has an in- 
ternal pullup resistor. 


PRELIM 


INARY 

Vcc 

System Power (Active High; Input) 

Provides the DC supply input. 

Vss 

System Ground (Input) 

Provides 0-V connection from which ail inputs and out- 
puts are measured. 

Ww/R 

Write/Read (Output) 


A bus cycle definition pin that distinguishes write cycles 
from read cycles. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ........... —65°C to +150°C 
Ambient Temperature Under Bias . . —65°C to +125°C 


Stresses above those listed may cause permanent device 
failure. Functionality at or above these limits is not implied. Ex- 
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AMD 2 
OPERATING RANGES 
Voltage on Other Pins ........ —0.5 V to Vcc +0.5 V 
Supply Voltage with Respect to Vss .. —0.5Vto+7V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


I Lost eal GRL LD SOR sSNA Em ny Te eee 


posure to ABSOLUTE MAXIMUM RATINGS for extended 
periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL Operating Ranges 
Vcc = 3.0 V to 3.6 V; Tcoase = 0°C to +100°C 


Par ameter 
Symbol Description 
Vin Input Low Voltage 


V Input High Voltage ~ 
Vite CLK2 Input Low Voltage 
V 


ne CLK2 Input High Voltage 
25 MHz 
Output Low Voltage 
lop = 0.5 MA: A31-A2, D31—DO 
lo. = 0.5 mA: BE3-BEO, W/R, D/C, 
M/IO, LOCK, ADS, SMIADS, HLDA 
lb. =2 MA: A31-A2,D31-DO | 
lb. = 2.5 MA: BE3-BEO, W/R, D/C, | 
M/IO, LOCK, ADS, SMIADS, HLDA _| 
Output High Voltage 
low = 0.1 MA: A31-A2, D31—D0 
lon = 0.1 mA: BE3-BEO, 
W/R, D/C, M/IO, LOCK, 
ADS, SMIADS, HLDA 
lon = 0.5 MA: A31—A2, D31—D0O 
lo = 0.5 mA: BE3-BEO, 
W/R, D/C, M/IO, LOCK, 
ADS, SMIADS, HLDA 


Preliminary 


Vou 




























Input Leakage Current 
(All pins except BS16, PEREQ, IIBEN 
BUSY, FLT, ERROR, SMi, and OMIRDY) 


li Input Leakage Current 
PEREQ Pin 











Vi=Vee —-0.1V 


"24 V Note 2 


he Input Leakage Current 
(BS16, BUSY, FLT, ERROR, SMI, IIBEN, 


and SMIRDY) 





Supply Current 
CLK2 =40 MHz: Oper. Freq. 20 MHz 


CLK = 50 wee Cee! Freq. 25 MHz 






loose 


Cw Input or VO Capacitance _ : 
Loy Output Capacitance — | | 


Cox CLK2 Capacitance 


Notes: 1. The Min allies —0.3, is not 100% tested. 
2. PEREQ input has an internal pulldown resistor. 
3. BS16, BUSY, FLT, ERROR, SMI, SMIRDY, and ITBEN inputs each have an internal pullup resistor. 
4. Not ho tested. 
5. Outputs are CMOS and will pull rail to rail if the load is not resistive. 


Am386DXLV Microprocessor 





300 
200 


| V,=0.1V ~300 
| V,,=0.45 V (Note 3) | —200 





Fo=1 MHz (Note 4) oe Sor ee 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ........... —65°C to +150°C Voltage on Other Pins ........ —0.5 V to Vcc +0.5 V 
Ambient Temperature Under Bias . . -65°C to +125°C se Voltage with Respect 


Stresses above those listed may cause permanent device fail- ~~ “7777 rt ttt t eres eeeecns 0.5 Vto+7V 
ure. Functionality at or above these limits is not implied. Expo- Operating ranges define those limits between which the func- 
sure to ABSOLUTE MAXIMUM RATINGS for extended peri- tionality of the device is guaranteed. 

ods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL Operating Ranges 


Vcc = 3.6 V to 5.5 V; Tcase = 0°C to +100°C 
Preliminary 


Parameter 
symbot_| Description cant tan unt 


Vu Input Low Voltage j(Note1) 0 
Vy _Input High Voltage ee Be ee ee 
Vite CLK2 Input Low Voltage (Note 1) fgg | 
V 


IHC CLK2 Input High Voltage 


20 MHz 
25, 33 MHz 


Vor Output Low Voltage 
lo. = 4 mA: A31—-A2, D31-D0 
lo. = 5 mA: BES—-BEO, W/R, 


D/C, MAO, LOCK, ADS, SMIADS, 
HLDA 


< 


Veco— 0.8 Vee + 0.3 V 
Voc + 0.3 V 





(Note 5) 
0.45 i Vv 
0.45 V 


wo 8 
N 





Von Output High Voltage 
a mA: A31-—A2, D31—D0 V 
lon = 0.9 mA: BE3-BEO V 


WAR D/C, W/O, roe. 
AGE SMIADS. HLDA 


la Input Leakage Current OVS Vand Veco +15 pA 
(All pins except BS16, PEREQ 
|  {IBEN, BUSY, FLT, SMI, SMIRDY, 
and ERROR) 
ba Input Leakage Current Viy22.4V pA 
| | (PEREQ Pin) (Note 2) 


| Input Leakage Current_ V, = 0.45 pA 
BS16, BUSY, FLT, SMI, SMIRDY, (Note 3) 








(BS16, 
IIBEN, and E RROR) 
lo ~ Output Leakage Current | 0.45 Vs VourS Veo pA 












Supply Current 
CLK2 = 40 MHz: Oper. Freq. 20 MHz] |, Typ =165 
CLK2=50 MHz: Oper. Freq. 25 MHz] |, Typ =210 


200 mA 
250 mA 
CLK2=66 MHz: Oper. Freq. 33 MHz} I, Typ =275 330 mA 


loose Standby Current lcsa TYP = 0.02 mA Pt | pA 





Ci, Input or /O Capacitance Fo=1MHz(Note4) ~— = = | 10 ~~ | pF 
Cour ____ Output Capacitance F,=1 MHz (Note 4) ae ae ae pF 
Cs ___ CLK2 Capacitance | Fo=1MHz(Note4) | = | 20 | pF 


Notes: 1. The Min value, —0.3, is not 100% tested. 
e Ber Et input has oaaGe internal pulldown resistor. 
; _ and TIBEN inputs each have an internal pullup resistor. 
i oe ie Wie 
§. Outputs are CMOS and will pull rail to rail if the load is not resistive. 
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SWITCHING CHARACTERISTICS 


The switching characteristics consist of output delays, 
input setup requirements, and input hold requirements. 
All characteristics are relative to the CLK2 rising edge 
crossing the 2.0 V level. 


Switching characteristic measurement is defined by 
Figure 2. Inputs must be driven to the voltage levels indi- 
cated by this diagram. AmM386DXLV CPU output delays 
are specified with minimum and maximum limits meas- 
ured as shown. The minimum Am386DXLV micropro- 
cessor delay times are hold times provided to external 
Circuitry. AM3886DXLV microprocessor input setup and 
hold time are specified as minimums, defining the small- 


Valid 


BE3-BEO, Output n 
ADS, M/IO, W/R, 
LOCK, HLDA, 


SMIADS) 


Outputs 
(D31—0) 


Outputs — 
(A31—A2, Dic. ay 
1.5V 7: 


inputs 
(NA, BS16, 
INTR, NMI, 


SMI) 


oy fate’ 








(READY, HOLD, | 





D31-Do, SMIRDY) 






Legend: A—Maximum Output Delay Spec 
B—Minimum Output Delay Spec 
C—Minimum Input Setup Spec 

D—Minimum Input Hold Spec 


Note: Input waveforms have tr < 2.0 ns from 0.8 V to 2.0 V. 






— ‘ 5V Output n+1 


Valid 
Output n 
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est acceptable sampling window. Within the sampling 
window, a synchronous input signal must be stable for 
correct AmM386DXLV microprocessor operation. 


Outputs W/R, D/C, M/IO, LOCK, BE38-BE0, ADS, 
A31—-A2, HLDA, and SMIADS only change at the begin- 
ning of phase one. D31—D0 (write cycles) only change at 
the beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREQ, FLT, D31—D0, and SMIRDY (read cy- 
cles) inputs are sampled at the beginning of phase one. 
The NA, BS16, INTR, NMI, and SMI inputs are sampled 
at the beginning of phase two. 











TX 


2V 





Valid 













NL 


15021B-071 


Figure 2. Drive Levels and Measurement Points 
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SWITCHING CHARACTERISTICS over operating range at 33 MHz 
Vcc = 4.5 V to 5.5 V; Tcase = 0°C to +100°C 








































| 
eee Te 
No. | Description Notes Figures | Unit 
____[ Operating Frequency {Halfof CLK2Freq| | 33 MHz 
2a | OLK2HighTine aay | 4 | 62s] | ns 
2 [OLK2HignTime atv Ts Ts 
3a_|CLK2lowTime stata Td ns 
3b Paieter tas usa} +} “zp [J ns 
SeOERS eee eee a ee ee ae ne {Note 3)_ eee see 1_ns 
; Secale eae wane eres ote 3) | | ns_ 
[Asin Vaid Doley a a 3 
Z Fo a a on ee ns 
8 | BES-BEO, LOCK Valid Delay to o36 6 | 4 [15 Jas 
9 | BES-BEO, LOCK Float Delay ite ) [| tw | 4 | 2 J ns 
1o_| WH WAS DE velDeky rege | ge | 4 
10a [ADS ValdDelay_———~S~dG SFY Ps 
10s PSHE vais 5 ey aa eC SNE 
11 | WL WiR, MAO 10, D/C, ADS — ; a a ns 
12 | D31-DO Write Data Valid Delay sae C,=50 + (Note 4f 679 | 7 | 2 | ns 
i2a_[ D31-DOWite Data Hold Time na 73 
el SM A 
14 HLDA Valid Delay ee ns 
17 {ists Se a Coe 
18 | BSi6HoldTime ee ES A ns 
19s | SMIRDY Setup Time | Ts ns 
205 _| SHIROV Hold Tine RAIA Wl A Sa : 
Oot as, 1 a fo ae Cen ee 
23 | HOLDSetupTime Tt is 
24 ECS Senses eee Se ee ee ee ns 
ES a r 
27_| NMLINTRSetupTime sf (Noto2) | ts 
7_| Sp Te a LS TC 
|NMLINTRHold Time (Note2) fs 
765 | Psi Tne | a | it Se SCT A NER ns 
Ee er ae ee A SO 
30 | PEREQ, ERROR. BUSY FLT Hold Time | (Note 2)_ {5s | 4 [ [ns 





Notes: 1. Float condition occurs when maximum output current becomes less than ii in : magnitude: Float delay is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific CLK2 period. 
. Rise and fall times are not tested. 
. Min time not 100% tested. 


& Ow 
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SWITCHING CHARACTERISTICS over operating range at 25 MHz 
Vcc = 3.0 V to 5.5 V; Tcase = 0°C to +100°C 


29 


"Parameter _ Ref 
Description Figures Unit 


HalfofCLK2Freq] 5 MHz 








1 po 4 | lt Tid ts 
SLL ee eT Ne! SS SY BOK Apes meee > 
2 [OlKaHighTime ——S—i VCS CT | Cid 
BL a Ci IAS AR GS ASR RD 
1 nN ET a ae ee ns 

4 CLK2 Fall Time | 3.7 Vto0.8V a nae Soe 
(Note 3) | ; ons 

LR i Ae 
(Note 3) ns 
7 Ear ae ———— ae ep ns 
8 | BES-BEOValidDelay = “| H=50pF CU] 8G TCU ns 
ga_| LOCKValidDelay == | =50pF_— | 3G TCU CO| Stns 
9 | BES-BEO,LOCKFloatDelay Ss (Note1) = | So t0——Cs]?] 4 | 80st ns 
10 | WAR, M/O,DC,ADSValidDelay =| G=50pF_ | 6 OTs 
10s [| SMIADS ValidDelay | C=500F_—— | U8 CUTOUT S dns 
11_ | WAR,M/O, D/C, ADSFloatDelay | (Note1) =| S10 | SS 4 S| CS 80Ssns 
11s | SMIADSFloatDelay Cs (Note 1) =| SS t0—isd|; 4 S| 80s 
EE a 
ns 
a 1 ae LoL a eo GY SABO RS ns 
14 | HLDAValidDelay CT Ge H5OpF CT 810 ds 
15 Se A a sae MO ew Se ns 
16 | NAHoldTime Ss CTC (‘LS OS OUT ts 
17 | BSt6SetupTime ss CT C—“‘RTSO OTC OULCDUCU7CCUdT Cd ns 
18 ———————————————EE ns 
19 a ae ns 
19s a ns 
20 ees (ee eee ns 
ee ns 
7 ae Se ae 
Bk Ei Se Sk See SOR Ce BE 
23, | HOLDSetupTime = |“ t;™:CC*dE:“C(#$;$SOS OT 15 | id ns 
24 ES ae ee ee ns 
25 ptt to | ts 
26 Preset ige Pe ns 
27 ns 
27s ee ee ns 
_28 ee eee ef ns 
28s_ Sa aees ns 





PEREQ, ERROR, BUSY, FLT 
_ Setup Time | | Note 2 ns 
| PEREQ, ERROR, BUSY, FLT 

Hold Time (Note 2) 5 5 ns 


Notes: 1. Float condition occurs when maximum output current becomes less than lio magnitude. Float delay is not 100% tested. 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 


recognition within a specific CLK2 period. 
3. Rise and fall times are not tested. 
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SWITCHING CHARACTERISTICS (continued) 


Am386DXLV CPU Output a | 
Cc 


L 


C, includes all parasitic capacitances. 





15021B-072 
Figure 3. AC Test Load 
t1 
t2a 
t2b 
Voc— 0.8 V 4 eee j= 
CLK2 2.0V ——— 
osvet —_ \\\\\__ 
15 t3b 14 
t8a 
Figure 4. CLK2 Timing 15021B-073 
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SWITCHING WAVEFORMS 


TX 62 o1 Tx 02 O14 Tx 


CLK2 











oO 
= 
| 
Oo 
o 





t27, t27s 128, t28s 





INTR, NMI, I 
SMI 
15021B-074 


2 o1 Tx 62 61 


rors ae, 


el |__|Max 


OCR [ Valid nn Wott, Valid n+1 






| Nok 
t10 10a | = eee 
tos || Min || Max 
ee nt, N 


Ps, ot, AY 
Valid n ) omc AG, « Valid n+1 








Valid n Valid n+1 


fee cera 
. Ed Ad Max 
Ms ae 2 


Figure 6. Output Valid Delay Timing 15021B-075 
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TI 
o1 o2 
CLK2 [ 
Ww/R [ 
12 Min Max 
D31~DO [ 
15021B-076 
Figure 7. Write Data Valid Delay Timing (25 and 33 MHz) 
T1 
o1 2 
CLK2 l 
W/R I 
Min 
ti2a 
D31—Do [ Valid n HK: > 
15021B-077 
Figure 8. Write Data Hold Timing (25 and 33 MHz) 
T1 
ot 2 
CLK2 l 
WR [ 
t12 Min Max 
D31—Do l Valid n |» on oN Valid n+1 
15021B-078 


Figure 9. Write Data Valid Delay Timing (20 MHz) 
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Th Tior T1 
o2 o1 o2 01 02 
we | A Pi 
t9 
_ || Min | [Min |_| Max 
Tock | ee Eat ae 
LOCK | 
oes |_| Min | |Min |_| Max 
W/R, MAO, 
Di, ADS, | eee fees ess 
a Min |__| Max 
rot-ae | Be rescore een or 


83 —TTaP) MaxT 
Eee te ae ot 
a [ co. (High Z) 


t13—Also applies to data float when write 


cycle is followed by read or idle 
114 


t14 
Max aes Min 


Max 















Max 





HLDA I still ca, 

15021B-083 

Figure 10. Output Float Delay and HLDA Valid Delay Timing 

RESET Initialization Sequence 
02 o 1 
t25 

The second internal processor phase following RESET High-to-Low transition (provided t25 and t26 are met) is 02. 15021B-084 

Figure 11. RESET Setup and Hold Timing and Internal Phase 
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nom +6 


nom +3 


nom 
Output Valid Delay (ns) 


nom -3 
nom —6 


nom —-9 
50 75 100 125 150 
C, (picofarads) 


Note: This graph will not be linear outside of the C. range shown. 15021B-079 


Figure 12. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (C.=120 pF) 


nom +9 


nom +6 


nom+3 
Output Valid Delay (ns) 


nom 
nom —3 


nom —6 
75 100 125 150 
C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 1502 1B-080 


Figure 13. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (Ci = 75 pF) 
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nom +9 
nom +6 
Output Valid Delay (ns) 
nom +3 
nom 
nom —3 
50 75 100 125 150 


C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 


15021B-081 
Figure 14. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (Ci =50 pF) 
8 
6 
Rise Time (ns) 0.8 V—2.0 V 4 
2 
8 
50 75 100 125 150 
C, (picofarads) 
Note: This graph will not be linear outside of the C, range shown. 15021B-082 


Figure 15. Typical Output Rise Time Versus Load Capacitance 
at Maximum Operating Temperature 
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Am386™SXLV Advanced 


High-Performance, Low-Voltage, 32-Bit Micro 
Microprocessor with 16-Bit Data Bus Devices 
DISTINCTIVE CHARACTERISTICS —SMI coupled with I/O instruction break feature 
provides transparent power off and auto resume 
@ Operating range 3.0 V to 5.5 V—ideal for of peripherals which may not be “power aware” 
notebook PC designs —SMI is non-maskable and has higher priority 
—2X improvement in battery life over existing 5 V than NMI! 
designs ; a —Automatic save and restore of the micropro- 
—Wide range of chipsets and other logic available cessor state 
for 3 V systems with support for Standby Mode 


—Wide range of chipsets supporting SMM avail- 


sania deciant able to allow product differentiation 
= (UG Sia Cee) OL ong patter Ne = Lower heat dissipation facilitates elimination of 
— Power consumption 75% lower than Intel the cooling fan in desktop PCs 

i386SX, 65% lower than AmM386SXL es a 

microprocessor oe input to facilitate system debug and 


— Performance on demand (0 to 25 MHz) 


@ mpatible with 386SX ms an 
™ System Management Mode (SMM) for system comp th 386SX systems and software 


and power management @ Supports 387SX-compatible math 

—System Management Interrupt (SMI) for power CCP oresnore 
management independent of processor operat- @ 100-pin PQFP package with optional protective 
ing mode and operating system ring for better lead coplanarity 


@ AMD® advanced 0.8 micron CMOS technology 


Typical Power Consumption 
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GENERAL DESCRIPTION 


The Am386SXLV microprocessor is a low-voltage, true 
static implementation of the Intel i886SX microproces- 
sor. With the operating range of 3.0 V to 5.5 V, itis ideal 
for both desktop and battery-powered notebook per- 
sonal computers. For desktop PCs, this device offers 
lower heat dissipation, allowing system designers to re- 
move or reduce the size and cost of the cooling fan. 


The Am386SXLV microprocessor’s lower operating 
voltage and true static design enables longer battery life 
and/or lower weight for notebook applications. At 
20 MHz, this device has 60% iower operating icc than 
the Intel i886SX. Lowering typical operating voltage 
from 5.0 V to 3.3 V enables battery life to increase by a 
factor of two. Standby Mode allows the AmM386SXLV mi- 
croprocessor to be clocked down to 0 MHz (DC) and 
retain full register contents. In Standby Mode, typical 
current draw is less than 0.01 mA, a greater than 1000X 
reduction in power consumption versus the Intel 
iS86SX. 
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The Am386SXLV microprocessor is available in a small 
footprint 100-pin Plastic Quad Flat Pack (PQFP) pack- 
age. This package may be shipped in an optional pro- 
tective ring for better lead protection during shipping. 


Additionally, the AmM386SXLV microprocessor comes 
with System Management Mode (SMM) for system and 
power management. SMI (System Management Inter- 
rupt) is a non-maskable, higher priority interrupt than 
NMI and has its own code space (1 Mb). SMI can be 
coupled with the |/O instruction break feature to imple- 
ment transparent power managment of peripherals. 
SMM can be used by system designers to implement 
system and power management code independent of 
the operating system or the Processor Mode. 


The AmM386SXLV microprocessor incorporates a float 
pin that places all outputs in a three-state mode to facili- 
tate board test and debug. 


Bus Control HOLD, INTR, 


SMI. NMI 

Request |,__, ERROR, BUSY, 

| Prioritizer RESET, HLDA, 
still FLT, liBEN 


Paging Unit 
Adder 






Physical Address Bus . 





r Address | 
Driver 


 Pipaine| W/R, LOCK, ADS 
Control ” NA. R 

















SMIADS, SMIRD 
can MUX/ 
| | Trans- 
Prefetcher/ | D15—D0O 
Limit | ceivers 
Checker 
instruction Prefetch 
15022B-001 
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FUNCTIONAL DESCRIPTION 
Benefits of Lower Operating Voltage 


The Am386SXLV microprocessor has an operating volt- 
age range of 3.0 V to 5.5 V. Low voltage allows for lower 
operating power consumption, longer battery life, and/or 
smaller batteries for notebook applications. 


Because power is proportional to the square of voltage, 
reduction of the supply voltage from 5.0 V to 3.3 V 

reduces power consumption by 56%. This directly trans- 
lates to a doubling of battery life for portable applica- 
tions. Lower power consumption can also be used to 

reduce the size and weight of the battery. Thus, 3.3 V 

designs facilitate a reduction in the form factor. For 
desktop PCs, low power consumption means elimina- 
tion of the cooling fan, thus reducing the size and noise 
of the PC. 


A lower operating voltage results in a reduction of I/O 
voltage swings. This reduces noise generation provid- 
ing a less hostile environment for board design. It also 
reduces electromagnetic radiation noise making it eas- 
ier to obtain FCC approval. 


SMM—System Management Mode 


The Am386SXLV microprocessor has a new System 
Management Mode (SMM) for system and power man- 
agement. This mode consists of two features: System 
Management Interrupt (SMI) and I/O instruction break. 


SMi—System Management Interrupt 


SMI is implemented through the use of special bus 
interface pins. This interrupt method can be used to 
perform system management functions such as power 
management independent of Processor Operating 
Mode (Real, Protected, or Virtual 86 modes). 


SMI can also be invoked in software. This allows sys- 
tem software to communicate with SMI power manage- 
ment code. In addition, an instruction called UMOV 
allows data transfers between SMI and normal system 
memory spaces. 


Activating the SMI pin invokes a sequence that saves 
the operating state of the processor into a separate 
SMM memory space, independent of the main system 
memory. After the state is saved, the processor is 
forced into Real Mode and begins execution at address 
FFFFFOhinthe SMM memory space where a far jump to 
the SMM code is executed. This Real Mode code can 
perform its system management function and then re- 
sume execution of the normal system software by exe- 
cuting a special opcode sequence which will reload the 
saved processor state and continue execution in the 
main system memory space. See Figure 1 for a general 
flowchart of an SMM operation. 


CPU Interface—Pin Functions 


The CPU interface for SMM consists of three pins dedi- 
cated to the SMI function. One pin, SMI, is the new inter- 
rupt input. The other two pins, SMIADS and SMIRDY, 
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provide the control signals necessary for the separate 
SMM mode memory space. 


Description of SMM Operation 


The execution of a System Management Interrupt has 
four distinct phases: the initiation of the interrupt via 
SMI, a processor state save, execution of the SMM in- 
terrupt code, and a processor state restore (to resume 
normal operation). 


SMI sampled 
active (Low) 


Current instruction 
finishes execution, 
normal ADS goes inactive 


CPU saves state to 
separate SMM memory 
space, starting at address 
60000h 





CPU enters Real Mode, 
starts code fetches at 
location FFFFFOh in 
SMM memory space 







Real Mode SMM interrupt 
handler code execution 
(after FAR JUMP) 


Restore saved state from 
60000h with OF 07 
opcode sequence 











Normal code 
execution 
resumes 


Figure 1. SMM Flow 


Interrupt Initiation 


A System Management Interrupt is initiated by the driv- 
ing of an active Low pulse on the SMI pin of at least four 
CLK2 periods. This pulse period will ensure recognition 
of the interrupt. The CPU will drive the SMI pin active af- 
ter the completion of the current operation (active bus 
cycle, instruction execution, or both). The active drive of 
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the pin by the CPU will be released at the end of the in- 
terrupt routine following the last register read of the 
saved state. 


While the CPU is in SMM, a bus hold request via the 
HOLD pin will be granted. The HLDA pin will go active 
after bus release and the SMIADS pin will float along 
with the other pins that normally float during a bus hold 
cycle. 


Processor State Save 


The first set of SMM bus transfer cycles after the CPU’s 
recognition of an active SMI will be the processor saving 
its state to an external RAM array in aseparate address 
space from main system memory. This is accomplished 
by using the SMIADS and SMIRDY pins for initiation and 
termination of bus cycles, instead of the ADS and 
READY pins. The 32-bit addresses to which the CPU 
saves its state are 60000h-600CAh and 60100h— 
60126h. These are fixed address locations for each reg- 
ister saved. 


The value of NA will be ignored during the state save. 
Only full 16-bit, non-pipelined cycles are generated for 
the state save cycles. There are 114 data transfer cycles 


SMI Code Execution 


After the processor state is saved to the separate SMM 
memory space, the execution of the SMI interrupt 
routine code begins. The processor enters Real Mode, 
sets most of the register values to “reset” values (those 
values normally seen after a CPU reset), and begins 
fetching code from address FFFFFOh in the separate 
SMM memory space. Normally, the first thing the inter- 
rupt routine code will do is a FAR JUMP to the Real 
Mode entry point for the SMI interrupt routine, which 
is also in SMM memory space. 


Any Real Mode interrupt routine code can be executed, 
with the obvious exception of normal interrupt routines 
(which are deferred). The SMM code can be located 
anywhere within the 1-Mb Real Mode address space, 
except for where the processor state is saved. I/O cy- 
cles, as a result of the IN, OUT, INS, and OUTS instruc- 
tions, will go to the normal address space, utilizing the 
normal ADS and READY bus interface signals. This fa- 
cilitates power management code manipulating system 
hardware registers as needed through the standard !/O 
subsystem; a separate I/O space does not need to be 
implemented. 





Processor State Restore 
(Resuming Normal Execution) 


Returning to normal code execution in the main system 
memory, including restoring the Processor Operating 
Mode, is accomplished by executing a special code 
sequence. This code invokes a restore CPU state op- 
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eration which reloads the CPU registers from the saved 
data in the RAM controlled by SMIADS and SMIRDY. 


The ES:EDI register pair must point to physical address 
60000h. Then the special opcode sequence OFh 07h 
should be executed to start the restore state operation. 
After completion of the restore state operation, the SMI 
pin will be deactivated by the CPU and normal code 
execution will continue at the point it left off before 
the SMI occurred. There are 114 data transfer cycles in 
the restore operation. 


Software Features 


There are several features of the SMI function that pro- 
vide support for special operations during the execution 
of the system’s software. These features involve the 
execution of reserved opcodes to induce specific SMI 
related operations. 


Software SMI Generation 


Besides hardware initiation of the System Management 
Interrupt via the SMI pin, there is also a software induced 
SMI mechanism. Generating a soft SMI involves setting 
a control bit in Debug Register 7 (DR7) and executing a 
reserved opcode (OF 1H). 


The functional sequence of the software based SMI is 
identical to the hardware based SMI with the exception 
that the SMI pin is not initially driven active by an exter- 
nal source. Upon execution of a soft SMI opcode, the 
SMI pin is driven active (Low) by the processor before 
the save state operation begins. 


Memory Transfers to Main System Memory 


While executing an SMI routine, the interrupt code can 
initiate memory data reads and writes to the main sys- 
tem memory using the normal ADS and READY pins. 
This is accomplished by using reserved opcodes that 
are special forms of the MOV instruction (called UMOV). 
The UMOV opcodes can move byte, word, or double 
word register operands to or from main system memory. 
Multiple data transfers using the normal ADS and 
READY pins will occur if the operands are misaligned 
relative to the effective address used. The UMOV op- 
codes are OF 10h, OF 11h, OF 12h, and OF 13h. 





1/O Instruction Break 


The Am386SXLV microprocessor has an 1/O instruction 
break feature that allows the system logic to implement 
I/O trapping for peripheral devices. To enable the I/O !n- 
struction break feature, IIBEN must first be asserted ac- 
tive Low. On detecting an I/O instruction, the processor 
will prevent the execution unit from executing further 
instructions until READY is driven active Low by the 
system. Once READY is driven active, the execution unit 
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will either immediately respond to any active interrupt 
request or continue executing instructions following the 
I/O instruction that caused the break. 


The I/O instruction break feature can be used to allow 
system logic to implement I/O trapping for peripheral de- 
vices. On sensing an I/O instruction, the system can 
drive the SMI pin active before driving READY active. 
This ensures that the SMI service routine is executed 
immediately following the I/O instruction that caused the 
break. (If the I/O instruction break feature is not enabled 
via IIBEN, several instructions could execute before the 
SMI service routine is executed.) 








The SMI service routine can access the peripheral for 
which SMI was asserted and modify its state. The SMI 
service routine will normally return to the instruction fol- 
lowing the I/O instruction that caused the break. By 
modifying the saved state instruction pointer, the routine 
can choose to return to the I/O instruction that caused 
the break and re-execute that instruction. The default is 
to return to the following instruction (except for REP I/O 
string instruction). To re-execute the 1/O instruction that 
caused the break, the SMI service routine must copy 
the I/O instruction pointer over the default pointer. This 
feature is particularly useful when an application pro- 
gram requests an access to a peripheral that has been 
powered down. The SMI service routine can restore 
power to the peripheral and initiate a re-execution se- 
quence transparent to the application program. This 
re-execution feature should only be used if the SMI is in 
response to an I/O trap with IIBEN active. Note that the 
I/O instruction break feature is not enabled for memory 
mapped I/O devices or for coprocessor bus cycles even 
if IIBEN is active. 





I/O Instruction Break Timing 


The I/O Instruction Break feature requires that SMI be 
sampled active (Low) by the processor at least three 
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CLK2 edges before the CLK2 edge that ends the I/O cy- 
cle with an active READY signal. This timing applies for 
both pipelined and non-pipelined cycles. If this timing 
constraint is not met, the next instruction may be exe- 
cuted by the internal execution unit prior to entering SMI 
Mode, but the SMI will be recognized eventually. 





True Static Operation 


The Am386SXLV microprocessor incorporates a true 
static design. Unlike dynamic circuit design, the 
Am386SXLV device eliminates the minimum operating 
frequency restriction. It may be clocked from its maxi- 
mum speed of 25 MHz all the way down to 0 MHz (DC). 
System designers can use this feature to design 
battery-powered notebook PCs with long battery life. 


Standby Mode 


This true static design allows for a Standby Mode. At any 
operating speed (25 MHz to 0 MHz), the Am386SXLV 
microprocessor will retain its state (i.e., the contents of 
all of its registers). By shutting off the clock completely, 
the device enters Standby Mode. Since power con- 
sumption is proportional to clock frequency, operating 
power consumption is reduced as the frequency is low- 
ered. In Standby Mode, typical current draw is reduced 
to less than 0.01 mA. Not only does this feature save 
battery life, but it also simplifies the design of power- 
conscious notebook computers in the following ways. 


1. Eliminates the need for software in BIOS to save 
and restore the contents of registers 


2. Allows simpler circuitry to control stopping of the 
Clock (since) the system does not need to know 
what state the processor is in 
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Lower Operating Icc 


True static design also allows lower operating Icc when operating at any speed. See the following graph for typical 
current at operating speeds. 


Typical icc 


250 
200 


150 —»—— Am386SXLV 


mA ——fj——— AmM386SXL 


—+-—— Intel i386SX 


100 


50 





0 
0 MHz 2 MHz 16 MHz 20 MHz 25 MHz 
Performance on Demand For example, the system could operate at low speeds 
. a during inactivity or polling operations. However, upon 
The Am386SXLV microprocessor retains its state at any interrupt, the system clock can be increased up to its 
speed from 0 MHz (DC) to its maximum operating maximum speed. After a user-defined time-out period, 


speed. With this feature, system designers may vary the the system can be returned to a low (or a 0 MHz) op- 
operating speed of the system to extend the battery life erating speed without losing its state. This design maxi- 
in notebook systems. mizes battery life while achieving optimal performance. 
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CONNECTION DIAGRAM 





Top View 
100-Pin PQFP 
KH-NBBOtMOR Baoe rN BgseSTL2RN esq 
ANAS rFranadnaaraananaarraqdnacdtat roc 
CULE CE 
SP VRELYAYNMSSSHSGLSOHHSMOOORERN 
Do Cj 1e Lj} A20 
Vss LJ 2 ry. A19 
HLDA [Cj 3 —_] A18 
HOLD Cj} 4 YT _) A117 
Vss Cl] 5 T—_) Voc 
NA Cj 6 J Ai6 
READY [_} 7 rT ) Vcc 
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Notes: Pin 1 is marked for orientation. 
N/C = Not connected. 
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PIN DESIGNATION TABLES (Sorted by Pin Name) 
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ERROR 
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RESET 
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SMIRDY 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


NG 80386SXLV -20 


OPTIONAL PROCESSING 

None = Trimmed and Formed PQFP in high-temp trays 
F = Ringed POQFP in horizontal tubes 
S = Ringed PQFP in coin-stack tubes 

TEMPERATURE RANGE 

Blank = Commercial (0°C to +100°C) 

SPEED OPTION 

—25 = 25 MHz 

-—20 = 20 MHz 

DEVICE NUMBER/DESCRIPTION 

80386SXLV 

Am386SXLV Microprocessor 

High-Performance, Low-Voltage, 32-Bit 

Microprocessor with 16-Bit Data Bus 


PACKAGE TYPE 
NG = 100-Pin Plastic Quad Flat Pack (PQ100, PQB100) 


Valid Combinations 


—25 
-20 
—25F 
—25S 
—20S 





Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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PRELIMINARY 
LOGIC SYMBOL 


2X Clock 


Data Bus 


Address Bus 


THE 


Am386SXLV 
Microprocessor 


Bus Cycle 
Definition 





ADS NA READY 
ne 


Bus Cycle Control 


Am386SXLV Microprocessor 





AMD al 


Float 


Math 
Coprocessor 
Control 


Interrupt Control 


Bus 
Arbitration 
Control 


System 
Management 
Mode 
Control 
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PIN DESCRIPTIONS 


A23—A1 
Address Bus (Outputs) 


Outputs physical memory or port I/O addresses. 
ADS 
Address Status (Active Low; Output) 


Indicates that a valid bus cycle definition and address 
(W/R, D/C, MAO, BHE, BLE, and A23—A1) are being 
driven at the AmM386SXLV microprocessor pins. 

BHE, BLE 

Byte Enables (Active Low; Outputs) 


Indicate which data bytes of the data bus take part 
in a bus cycle. 


BUSY 
Busy (Active Low; Input) 


Signals a busy condition from a processor extension. 
BUSY has an internal pullup resistor. 


CLK2 
CLK2 (Input) 


Provides the fundamental timing for the Am3886SXLV 
microprocessor. 


D15—D0 
Data Bus (Inputs/Outputs) 


Inputs data during memory, I/O, and _ interrupt 
acknowledge read cycles; outputs data during memory 
_ and I/O write cycles. 


D/C 
Data/Control (Output) 


Abus cycle definition pin that distinguishes data cycles, 
either memory or I/O, from control cycles which are: 
interrupt acknowledge, halt, and code fetch. 


ERROR 
Error (Active Low; Input) 


Signals an error condition from a processor extension. 
ERROR has an internal pullup resistor. 


FLT 
Float (Active Low; Input) 


An input which forces all bi-directional and output 
signals, including HLDA, to the three-state condition. 
FLT has an internal pullup resistor. The pin, if not used, 
should be disconnected. 
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HLDA 
Bus Hold Acknowledge (Active High; Output) 


Output indicates that the AmM3886SXLV microprocessor 
has surrendered control of its logical bus to another bus 
master. 


HOLD 
Bus Hold Request (Active High; Input) 


Input allows another bus master to request control ofthe 
local bus. 


IIBEN 
I/O Instruction Break Enable (Active Low; Input) 


Enables the I/O instruction break feature. IIBEN has an 
internal pullup resistor. 


INTR 
Interrupt Request (Active High; Input) 


A maskable input that signals the Am3886SXLV micro- 
processor to suspend execution of the current program 
and execute an interrupt acknowledge function. 


LOCK 
Bus Lock (Active Low; Output) 
A bus cycle definition pin that indicates that other 


system bus masters are not to gain control of the 
system bus while it is active. 


M/IO 
Memory/lO (Output) 


A bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 


NA 
Next Address (Active Low; Input) 
Used to request address pipelining. 


NC 
No Connect 


Should always be left unconnected. Connection of aNC 
pin may cause the processor to malfunction or be 
incompatible with future steppings of the AmM3886SXLV 
microprocessor. 


NMI 
Non-Maskable Interrupt Request 
(Active High; Input) 


A non-maskable input that signals the Am386SXLV 
microprocessor to suspend execution of the current 
program and execute an interrupt acknowledge 
function. 
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PEREQ 
Processor Extension Request (Active High; Input) 


Indicates that the processor has data to be transferred 
by the Am386SXLV microprocessor. PEREQ has an 
internal pulldown resistor. 


READY 
Bus Ready (Active Low; Input) 


Terminates the bus cycle. 


RESET 
Reset (Active High; Input) 


Suspends any operation in progress and places the 
Am386SXLV microprocessor in a known reset state. 


SMI 
System Management Interrupt (Active Low; I/O) 


A non-maskable interrupt pin which signals the 
Am386SXLV microprocessor to suspend execution and 
enter System Management Mode. SMI has an internal 
pullup resistor. 


SMIADS 


SMI Address Status (Active Low Three-State; 
Output) 


When active, this pin indicates that_a valid bus cycle 
definition and address (W/R D/C, M/IO, BHE, BLE, and 
A23-—A1) are being driven at the Am386SXLV micro- 
processor pins while in the System Management Mode. 
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INARY 


SMIRDY 

SMI Ready (Active Low; Input) 

This input terminates the current bus cycle to the SMM 
Mode address space in the same manner as the READY 


pin does for the normal mode address space. SMIRDY 
has an internal pullup resistor. 


Voc 
System Power (Active High; Input) 





Provides the DC supply input. 


Vis 
System Ground (input) 


Provides the 0-V connection from which all inputs and 
outputs are measured. 


W/R 
Write/Read (Output) 


Abus cycle definition pin that distinguishes write cycles 
from read cycles. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .......... —65°C to +150°C Supply Voltage with respect to Vss.. -0.5 Vto +7.0 V 
Ambient Temperature Under Bias. -65°C to +125°C Voltage on Other Pins ........ —0.5 V to Vee +0.5 V 
Stresses above those listed may cause permanent Operating ranges define those limits between which 
damage to the device. Functionality at or above these the functionality of the device is guaranteed. 


limits is not implied. Exposure to ABSOLUTE MAXI- 
MUM RATING conditions for extended periods of time 
may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 
Vcc = 3.0 V to 3.6 V; Tcase = 0°C to +100°C 


-—Fretiminary | 
Symbol | Parameter Description | Notes | Win__| Max | Unit 
V. | Wputlow Votage SNe —SCSCSC~sSC OY 
Van | lnputHigh Votage——SC~CSSSCSCSC~C~“‘~‘iSC Cen 0 
Vie Note [03 [+08 | 
V 
V 


</<[< 


ii CLK2 Input High Valtage 16, 20 MHz | Voc-0-6 | Voct 0.3 | 


OL | Output Low Voltage 
lb. = 0.5 mA: A23-A1, D15—-DO (Note 5) 
0.5 mA: BHE, BLE ,W/R, D/C, MAO, 
LOCK, ADS, SMIADS, HLDA 
2mA: A23—-A1, D15—D0 
2.5 mA: BHE, BLE, W/R, D/C, M/O, 
LOCK, ADS, SMIADS, HLDA 


<< 


<< 





; Output High Voltage | 
lon = 0.1 mA: A23-A1, Di5—DO (Note 5) 
log = 0.1 mA: BHE, BLE, W/R, D/C, M/IO, 
LOCK, ADS, SMIADS, HLDA | 
0.5 mA: A23-—A1, D15—D0 
0.5 mA: BHE, BLE, W/R 






<< << 


kage Current (All pins except | OVS VS Veo 


PEREQ, BUSY, ERROR, SMI, SMIRDY, FLT, 
BEN ) 


hi | Input Leakage Current Vin = Vec-0.1 V 
| (PEREQ pin) Vi = 2.4 V (Note 2) 


he Input Leakage Current V,,=0.1 V 
(BUSY, ERROR, SMI, SMIRDY, FLT, IIBEN )| V, = 0.45 V (Note 3) 


ie Output Leakage Current Ool'V S Vege = View 












| Supply Current 
CLK2 = 32 MHz: Oper. Freq. 16 MHz 
CLK2 = 40 MHz: Oper. Freq. 20 MHz 
CLK2 = 50 MHz: Oper. Freq. 25 MHz 


lease Standby Current cosa FYP=10 Pt LA 






(@) 
a 
Tw 

lt it WU 
CO 
oO 






ma 


Cw | Input or I/O Capacitance ¢ = 1 MHz (Note 4) | 
Cour Output Capacitance ¢ = 1 MHz (Note 4) 
Csig | CLK2 Capacitance | | F, = 1 MHz (Note 4) Ft pF 


Notes: 1. The min value, —0.3, is not 100% tested. 
2. PEREQ input has an internal pulldown resistor. 
3. BUSY, ERROR, FLT, SMI, ITBEN, and SMIRDY inputs each have an internal pullup resistor. 
4. Not 100% tested. 
5. Outputs are CMOS and will pull rail to rail if the load is not resistive. 


7 
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PRELIMINARY AMD 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .......... —65°C to +150°C Supply Voltage with respect to Vss... -0.5Vto+7V 
Ambient Temperature under Bias . ~—65°C to +125°C Voltage on Other Pins ........ —0.5 V to Vee +0.5 V 
Stresses above those listed may cause permanent Operating ranges define those limits between which 
damage to the device. Functionality at or above these the functionality of the device is guaranteed. 


limits is not implied. Exposure to ABSOLUTE MAXI- 
MUM RATING conditions for extended periods of time 
may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 
Vcc =3.6 V to 5.5 V; Tcase = 0°C to +100°C 


__Fretiminary 
Symbol | Parameter Description Cotes | Min__[ Max | un 


V. v 
SR a OO OS 
Vs Nae 08 [Vv 
Vue | GLK Input High Votage———iSSCSCSC~*dSC 0B v 
V 


Voct+ 0.3 


cc 
ef: Output Low Voltage 
lt = 4mA: A23-A1, D15—D0O 0.45 
lb. = 5mA: BHE, BLE ,W/R, D/C, MAO, : 0.45 
LOCK, ADS, SMIADS, HLDA : 


Output High Voltage 
low = 1.0mMA: A23-A1, D15—-DO (Note 5) 
low = 0.2mA: A23-A1, D15—DO 
0.9mA: BHE, BLE, W/R, D/C, MAO, 
LOCK, ADS, SMIADS, HLDA 
lon = 0.18 mA: BHE, BLE, W/R, D/C, MAO, 
| LOCK, ADS, SMIADS, HLDA 












< <<< 


<< 










Input Leakage Current (All pins except OV<VA< Voc 


OH 


PEREQ, BUSY, ERROR, SMI, SMIRDY, FLT, 
and JIBEN ) | 


he Input Leakage Current (PEREQ pin) Viy = 2.4 V (Note 2) | 


lie | Input Leakage Current (BUSY, ERROR, SMI, V,=0.45 V(Note3) | 
SMIRDY, FLT, liBEN ) 


lo Output Leakage Current 0.45 V < Vour = Voc 


Supply Current Veg = 5.5 V 


aN 
on 
% 


200 | WA 
—400 LA 











ZA 
on 
& 



















CLK2 = 32 MHz: Oper. Freq. 16 MHz lee Typ =135 160 mA 
CLK2 = 40 MHz: Oper. Freq. 20 MHz lke Typ =165 mA 
CLK2 = 50 MHz: Oper. Freq. 25 MHz lee Typ =210 250 mA 


Notes: 


3 
> 


NO 

(o>) 
TO 

nv 


NO | I 
© 
Oo 


Oo 
—_ ys . 
O 
“nN 


1. The min value, —0.3, is not 100% tested. 

2. PEREQ input has an internal pulldown resistor. 

3. BUSY, ERROR, FLT, SMI, IIBEN, and SMIRDY inputs each have an internal pullup resistor. 
4. Not 100% tested. 

5. Outputs are CMOS and will puil rail to rail if the load is not resistive. 
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SWITCHING CHARACTERISTICS 


The switching characteristics given consist of output de- 
lays, input setup requirements, and input hold require- 
ments. All switching characteristics are relative to the 
CLK2 rising edge crossing the 2.0 V level. 


Switching characteristic measurement is defined by 
Figure 2. Inputs must be driven to the voltage levels 
indicated by Figure 2 when switching characteristics are 
measured. Output delays are specified with minimum 
and maximum limits measured, as shown. The mini- 
mum delay times are hold times provided to external 
Circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sampling 





Outputs: (8) 
(A23~A1, BHE, BLE, : SE 
ADS, MIO, D/C, I Ever 1 1.5 V 
W/R, LOCK, HLDA, a 
SMIADS) 


Outputs 
(D15—D0) 


oa Inputs 3.0V +3 Wi 
(NA, INTR, NMI, - 
SMI) 


0 V ra = a Po ‘ 


Inputs: 

(READY, HOLD, 
FLT, ERROR, BUSY, L 

PEREQ, D15—Do, 





SMIRDY) 






Legend: A— Maximum Output Delay Characteristic 
B— Minimum Output Delay Characteristic 
C—Minimum Input Setup Characteristic 

D— Minimum Input Hold Characteristic 






N 5 V Output n+1 


Output n 


PRELIMINARY 


window. Within the sampling window, a synchronous 
input signal must be stable for correct operation. 


Outputs ADS, W/R, D/C, M/O, LOCK, BHE, BLE, 
SMIADS, A23-A1, and HLDA only change at the 
beginning of phase one. D15-—D0 (write cycles) only 
change at the beginning of phase two. The READY, 
HOLD, BUSY, SMIRDY, ERROR, PEREQ, FLT, and 
D15-D0O (read cycles) inputs are sampled at the 
beginning of phase one. The NA, INTR, NMI, and SMI 
inputs are sampled at the beginning of phase two. 





Tx 
o2 





Valid 


RA Valid 


N SV Output n+1 


" fo ms 
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Figure 2. Drive Levels and Measurement Points for Switching Characteristics 
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PRELIMINARY AMD fn 
SWITCHING CHARACTERISTICS over operating ranges at 25 MHz 
Voc = 3.0 V-5.5 V; Tease = 0°C to 100°C 


Preliminary 


Ref. 
Symbol Parameter Description Notes [ler Unit 





Operating Frequency Half CLK2 freq. a ee ee 
7 [ote Peto 
3 | GLI High Tine ates 
Sa | Gli Low Tine i 
a | CURE Low Tine Tae Js fs 
Veo-08 MOBY RaeTE 8] 7s 
08 Vie Was-08Y) Wate} 3] 
a TT a Oa Se DRE a 
7 [RSA Fa Delay ee 80 
a CT z 
r i Co : 
72 | DIS-D0 Wile Oaia ald Daly | Gv SopF Ee 
Zz a = 
LS a eT a AC Se eB 
iS [We Seupting 
A OO 
a 
5 weirs 


Nn 
NY 


28 a a co r 
27_[ NM NTR Seup Time ———~—SidSSCCSC~C~“~S~sN ES Cd 
Ai (eA SR CT A a NN 


SWI Hold Time eT Ae AC a BE 
29_| PEREQ ERROR BUSY FlTSetupTime | _——=—=—=—=sNote) | 5 | 6 | | ms 
30 | PEREQ, ERROR, BUSY, FLT Hold Time | Not 5 1 5 | 5 | J os 


Notes: 1. Float condition occurs when maximum output current becomes less than Ito in magnitude. Float delay is not 100% tested. 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 


3. These are not tested. They are guaranteed by design characterization. 
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SWITCHING CHARACTERISTICS over operating ranges at 20 MHz 
Vee = 3.0 V to 5.5 V; Tuse = 0°C to 100°C 


|__Preliminary | 

, sees : es , — —— waeas ; 
Symbol Parameter Description Notes | Figures | ie cf eae | Unit 
[| Operating Frequency | HalfCLK2treg | | 20 Mz 
a OS EO <  O 
2 | CLKeHighTime id at VOM) CESS] S| SCs 
3a_| ClketowTime—SCfatV CCC | 8 TCs 
3b | ClK2lowTime——SSSSC~C~‘iT PB CCSC«dESCS «| SC]SCdSCts 


4 

S| CLK2Rise Tine [ 08 Vio Wer-08V) WNotes)| 2 | [8 | 1s 
6 | A2-Al Vaid Delay ———«dt = 120pF Note a)| 6 | 4 [90 | ns 
7 | R2S-At Float Delay ————sdT—SSS~«wNoto J 10] | a 
@ | BRE BLE LOCK Valid Delay [© = 75eF __Nowea)| 6 | 4 | 90 | 1s 
@ | BHE BLE LOCK Float Delay —*+| ~~~ Notes) 10 4 [a2 ns 
10a | MAO, DiC Vaid Delay ‘| = 7SpF Woe) 6 | 4 | 28 | ns 
10 | WALADSVaidDely |= 75pF ote) 6 | 4 | 26 | ns 
10s_| SMIADS Vaid Delay ——*+(|  =75pF Woe) 6 | 4 | 26 | ns 
| WA MAO, DIG, ADSFloat Dey | (Note) { 10 | 6 | 90 | 1s 
11s | SMIADS FloatDolay ———~—S~d~SSCSCS~C~S~S~SNte tt | | tO 
12] Di5-D0 Write Data Vaid Delay | = 120eF ote) 7.0] 4 | 28 | ne 
13 | Dis-D0 Write Data Float Delay | ____—Wotet){_10 | 4 | 27 | ns 
4 | HLDAVald Delay __——~—S~S~d = Pep WNote {6 | 4 | 28 | ts 
i5_| WASouptime sd sSSSSCSCSCSCSC~i CY fs | CdS 
i@_| WAnoatine —————Ss<di SSCS | te | Cid 
19_| FEADYSoupTime ——SC~iSSSCSSCSCSCSCSCS | tv | C*dt 
20_| READYHoldTime ———SC~d SSCS os | dt 
208_| SMIRDVHoldTme————SSC~i CSCS os | id 
21 | D15-DORead Data SetupTime |S TP C*dSC 
22 | D1S-DOReadDataHoldTime | —S~d Ss | 8 | «dts 
24_| HOLDHo Time SSCS. SSC is Ts Td 
27 _[ NMLINTRSeupTime +4 SNP | te | ido 
278_| SWISetupTime__————S—~idSSCSCSCSCSCSNotw tf | te «don 
28_| NMI INTRHoldTime [Nowy 5 | te [| ns 
28s | SW Hold Time [| oea)[_s | 16 [| 1s 
20 | PERE, ERROR BUSY, FLTSctupTime | ____(Nowea)|_s | 14 [| ts 
30_| PEREO, ERROR BUSY, FLTHold Time | (Now| 5 | 5 |] ns 


Notes: 1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 


. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 
. These are not tested. They are guaranteed by design characterization. 


. Tested with C, set at 50 pF and derated to support the indicated distributed capacitive load. See Figures 12—14 for the 
capacitive derating curve. 
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PRELIMINARY AMD fe 
SWITCHING CHARACTERISTICS (continued) 


CLK2 2.0 V 


-fM\ 


15022B-031 





Figure 3. CLK2 Timing 


Am386SXLV CPU Output | 
C 


L 


15022B-032 


Figure 4. AC Test Circuit 
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SWITCHING WAVEFORMS 
Tx 02 


PRELIMINARY 


Tx 62 o14 


CLK2 l 
t19, t19s 


e& 
—_ 


READY, 
SMIRDY 


ss 
2 
ames 
& 

| 
| 





t23 


— 

2 os 
ee 
Sara 
vo 
ost 
oY 
ae a 





- 
ae 
anes 
a oae 
Bs es 
s 
nol EB 
ee "| 
vos 
et 
a ag 
os 
[=P ? "#3 
| 
I 
wr. 
< 


HOLD 
t21 


os 
Ree a as 
hast 
3 a 
oo 
2 5 
ese ste” st] 
arrest 
wr 


D15—D0 
(Inputs) 


Sa ee 
os 
a 
o 
a | 
a >. 
or eo 
. = 
= “ 
Bo - 
a 
= od 
2. PP 
wo ee, 





29 


| 





PEREQ, FLT 


_ 
_—, 
oi 


t16 


ose 


ae ee J 
“Le 
“Sy 
2s 


~ 
| 





t27, t27s t28, t28s 


aE of 


Mi, INTR, NMI 


[ 
[ 
[ 
! 
L 





Figure 5. Input Setup and Hold Timing 


6 2 o1 Tx 62 1 


CLK2 


BHE, BLE, 


8 
ST Twin Max 
A. oA 


Valid n ) es Ne Valid n+1 


Pee ae eae 
Wi, MAD, hae 


D/C, ADS, l Valid n Valid n+1 


LOC 


A 






A23-A1 


SMIADS 

6 eee = el 

| {Min | Max 
. i tig “tay a IN 
12 
_ {Min Max 
Wi AY 


D15—Do 


(Outputs) IN IN 


Figure 6. Output Valid Delay Timing 


Validn &», ‘su Valid n+1 


Tx 
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Swap a ERE ELT eos 
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T1 
o1 02 
CLK2 I 
wR [ 
12 Min Ma 
D15-—Do I 
15021B-076 
Figure 7. Write Data Valid Delay Timing (20 and 25 MHz) 
T1 
o1 2 
CLK2 [ 
Ww/R [ 
Min 
t12a 
Si "hy t,he, hs, Ue 
= Valid n * o> 
pis-o0 | ARO. 
15021B-077 
Figure 8. Write Data Hold Timing (20 and 25 MHz) 
T1 
ot 2 
CLK2 [ 
Ww/R [ 
t12 Min Max 
Di5— l Valid n _ Oko Valid n+1 
DO “ ts, iy beg ey SIN 
15021B-078 
Figure 9. Write Data Valid Delay Timing (20 MHz) 
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SWITCHING WAVEFORMS (continued) 








Ti or T1 
2 > 1 o 1 02 
we | A= 
bees OTT win [| Max [Tin [| Max 
» DOCR —— fen ee 
LOCK P 
Wi MAG, SPT min | Max'°S in [| Max 
DADS, | a eee on =v eee Gee le 
t7 t6 
ST Min |] Max Min || Max 
aza-at | teen ere ges come 
BST ie") Max 1?) in| Ma 
pores L is: (High Z) | ees 


t13—Also applies to data float when write 
cycle is followed by read or idle. 


= la Max [ [Min | Max 
Y \ 
HuDa [ WML AI 
Figure 10. Output Float Delay and HLDA Valid Delay Timing 


RESET Initialization Sequence 












o2 or of o2 or o1 o2 o1 





Figure 11. RESET Setup and Hold Timing and Internal Phase 
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nom +6 
nom +3 
Output am 
Valid 
Delay 
(ns) nom —3 
nom —6 
nom —9 
50 75 100 125 150 
C, (picofarads) 
15022B-037 


Figure 12. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C, = 120 pF) 


nom +9 


nom + 6 


Output 
Valid 


Delay (ns) NOM +3 


nom 


nom —3 


50 75 100 125 150 
C, (picofarads) 


Figure 14. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C. = 50 pF) 
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nom +9 

nom + 6 

Output nom+3 
Valid 
Delay 

(ns) nom 

nom —3 

nom —6 


75 100 125 150 
C, (picofarads) 
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Figure 13. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C, = 75 pF) 


Rise Time (ns) 
0.8 V-2.0 V 





50 75 100 125 150 
C, (picofarads) 


Figure 15. Typical Output Rise Time Versus Load 
Capacitance at Maximum Operating Temperature 
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Am386™DX 


High-Performance 32-Bit Microprocessor 


DISTINCTIVE CHARACTERISTICS 
= Compatible with 386DX systems and software 
@ 40-, 33-, 25-, and 20-MHz clock speeds 


™ 32-bit microprocessor for personal computers 
and embedded systems 


m@ 32-bit address and data bus for high 
performance 


—4-Gb physical address space 


GENERAL DESCRIPTION 


The Am386DX microprocessor is a compatible imple- 
mentation of the Intel iS386DX. It is engineered to meet 
strict requirements for compatibility. It is compatible with 
386DX-based hardware, and is in fact a plug-in replace- 
ment for the Intel i886DX. It is also compatible with 
operating systems written for the 386 and the wide 
variety of commercially available software applications. 


The Am386DX device is an advanced 32-bit micropro- 
cessor designed for applications needing very high 
performance. This device offers a 21% increase in 
performance from 33 to 40 MHz. The 32-bit registers 
and data paths support 32-bit addresses and data 
types. The processor addresses up to 4 Gb of physical 
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—64-tb virtual address space 
—4-Gb maximum segment size 


m Supports 387DX-compatible math coprocessor 
AMD advanced 0.8 micron CMOS technology 


™ 132-lead ceramic PGA package or optional 
132-lead plastic quad flat pack (PQFP) package 


memory and 64 tb of virtual memory. The integrated 
memory management and protection architecture allow 
high-performance execution of operating systems in- 
cluding DOS, Windows, OS/2, and UNIX. 


The device is manufactured using the AMD advanced 
0.8 micron CMOS process and is packaged in a stan- 
dard 132-iead ceramic pin grid array (PGA) package. 
Additionally, the Am386DX microprocessor will be avail- 
able in a small footprint 132-pin plastic quad flat pack 
(PQFP) package. This surface-mount package is 40% 
smaller than PGA allowing smaller, lower cost board 
designs without the need for a socket. 


Publication #C15021 Rev.C Amendment /0 
issue Date: December 1991 
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BLOCK DIAGRAM 
Segmentation Unit Paging Unit Bus Control 
HOLD, INTR 
Effective Address Bus ED, 3-Input Kader Ge Request NMI, ERROR, BUSY, 
Prioritizer RESET, HLDA 
FLT* 
$ 
; Descriptor a 
Effective Address Bus Ranistére 2 
‘ 5 
< 
8 
Limit and Control & ra 
Attribute /\ Attribute a 
: wo PLA | PLA 
Protection > 
Test Unit = Address BES-BEO 
2 Driver A31-A2 
g | 5 
E; és vd 
‘oO 1 2 
* a MiO, DIS, 
rS 2 Pipeline/ W/R. LOGK 
3 s Bus Size ADS, NA, 
i 3 Control BSi6, READY 
= 6) 
Barrel 
Shifter, a. Decode Instruction , = is 
Adder and Decoder Prefetcher/ ee D31-D0 
Sequencing Limit 
Multiply/ Checker 
Divide 
Code 
Control anes Fibs 16 Byte 
Regi Instruction 
egister ROM Gxeel Buccs Code 
File Queue 
Control Instruction Instruction 
Predecode Prefetch 
Dedicated ALU Bus 15021B-001 


*Float feature available in Rev. CO and later, PQFP only. 
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INTRODUCTION 


AMD is proud to provide the Am3886DX microprocessor at a time when the personal computer market requires 
alternatives. Alternate source manufacturers traditionally increase availability, add features, and broaden the market. 
AMD has focused significant engineering resources to bring you these benefits. 


AMD's track record with the 80286 shows that we were first to raise the performance of the 80286 from 8 MHz to 10, 12, 
and 16 MHz. We were first to offer new packaging technology with a smaller, lower cost PLCC. Today, over 90% of all 
80286s sold use PLCC packaging. AMD is committed to similar advances with the Am386DX microprocessor. 


Another member of the family is the Am386DXL microprocessor. This device offers several enhancements including 
operating speeds up to 40 MHz, true static compatibility, and a small footprint cost-saving PQFP package. The 
Am386DXL microprocessor provides higher speeds and lower heat dissipation for desktop PCs, allowing the use of a 
smaller, or even, no cooling fan. For portables, its true static design allows for longer battery life with low power 
consumption and standby mode. (See AmM386DXL CPU Data Sheet for more information—order #15484.) 


AMD has engineered the Am386DX microprocessor to insure compatibility with the installed base of hardware and 
software for 386-based personal computers. The AmM386DX microprocessor is your solution to meet the demand for 
high-performance, 32-bit personal computers. 
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CONNECTION DIAGRAMS 
132-Lead Ceramic Pin Grid Array (PGA) Package 


Top Side View 


















P N M LE K JS HG F OE D C B A 
1 OO 00000 0 00 0 0 0 0 1 
A30 A27 A23 A21 A20 A17 Ai6 A15 A14 AB Vss Veco 
2 O 0000 0 0 0 oO O 2 
Veg A31 A24 A22 Vss A18 Veco Vss A13 A7 AS Ves 
3 | O 0000 0 0 0 Oo OO 3 
D30 Vss A28 A25 Vss A19 Veco Vsg At12 A6 A4 A3 
4 O Oo OO 4 
D29 Vcc Vss A2 NC NC 
51/00 O O O jf5 
D26 D27 D31 Veo Vss Vee 
6 oO O Oo oO 6 
Vss D25 D28 NC NC Vsg 
7 OO O O 7 
D24 Veo Vee NC INTR Vec 
8 O O O O 8 
Veg D23 Vss PEREQ NMI ERROR 
9/00 O O O 9 
D22 D21 D20 RESET BUSY Ves 
i | O O Oo 0 OO 10 
D19 D117 Vsgs LOCK WR Vec 
1 | 000 000 |,, 
D18 D16 D15 Vss Vss D/C 
12 OOOO Oo O OO OO Oo OO OO 12 
D14 Di2 D10 Ve DO Vcc CLK2 BEO Veo NC MIO 
13 OO 00 Oo O OO OO Oo O O 13 
D13 D11 Vee D8 D1 READY NC NC BE1 BeE2 BES 
14 OO 00 Oo O 0 OO oO 0 O 14 
Ves D9 HLDA D6 D2 Vcc Ves AUS HOLD BSTE Vss Vee 
P N M L K J HG F CE D Cc B A 
Pin Side View 
A B Cc D E F G H J K LM N P 
1 O 00000000 0 0 O 1 
Vee A8 A1i4 A1i5 A1i6 A17 A20 A21 A23 A26 A27 A30 
2 O O OoO0o0000 00 00 2 
Vss A7 Vss Veco A18 Vsgs A22 A24 A29 A31 Voc 
3 O O Ooo0o00e00 0 OO OO 3 
A3 AG 12 Ves Veco A19 Ves A25 A28 Veco Vs D30 
4 O O oO O 4 
NC A2 Veg D29 
5 O Oo oO O 5 
Veco Vss Vec D27 D26 
6 Oo O oO O 6 
Ves NC NC D25 Vss 
7; 0 0 O O | 7 
Veo INTR NC Metal Lid Veg D24 
8}; O O O OO | 8 
ERROR NMI PEREQ D23 Vec 
97/0 O O OO };9 
Vss BUSY RESET D21 D22 
10 Oo OO O O 10 
Vee D17 Di9 


O 
=O 
oO 
=O 


fe) 
O 


D12 D14 

13 O O 13 
D1i1 D13 

14 oO O 14 
DO Veg 


> 
wo 
i?) 
o 
m 
nN 
G) 
pi 
a 
x 
i 
= 
z 
vu 
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PGA Pin Designations (Functional Grouping) 


Pin Pin Pin Pin Pin Pin Pin Pin | Pin Pin Pin Pin 
Name No. Name No. Name No. Name No. | Name No. Name No. 


L13 

l14 D6 
M1 A26 
M2 A29 
M3 

M4 

M5 

M6 

M7 

M8 

M9 

M10 

M11 

M12 

M13 

M14 

N1 

N2 

N3 

N4 

N5 

N6 


Pin Pin Pin Pin Pin 
Name| No. Name; No. Name 
D8 N7 Vee 
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CONNECTION DIAGRAMS (continued) 
132-Lead Plastic Quad Flat Pack (PQFP) Package 


3 8885 








Vs Co 18 99 FJ Veg 
VecO—j 2 98 [1 ar6 
oi3 Co 3 "7 A25 
dDi2 Co 4 Lt A24 
p11 Co 5 peed A23 
Dio Cj 6 Lamm AZZ 
pp Co 7 J A21 
HLDA [_] 8 J} Vss 
bs LC} 9 1} Vss 
Vss = i 
Vss L— J a20 
pba [=] A19 
De L— Pp) Ai8 
ps5 J) A17 
p4 + "Vie 
Vc Ca "J Ais 
5 Co Top Side View —e 
be tL— TI) ais 
D1 I A14 
Do Cj Vis 
Ves 1 I 13 
Voc J Ai2 
Vss I ait 
cLK2 L_— A100 
Vss b—— CJ) ag 
READY C4 — as 
ADS Led Veo 
HoLD Co J ar 
pole Gao J} Ag 
NA Cc TJ as 
BES C= —) A4 
BET Co Ld AS 
BE2 CL Pt} A2 

34 36 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 

FOU GU UU UU UU UU UU uo $k 

SSP2P SERBS SERBS PE szeL ss sseeeeeses 

x o 

15022B-002 


Notes:Pin 1 is marked for orientation. 
“Float feature available in Rev. CO and later, PQFP only. 
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CONNECTION DIAGRAMS (continued) 
132-Lead Plastic Quad Flat Pack (PQFP) Package 


Sd 


2 
3 
4 
5 
6 
7 
8 
9 


Pin Side View 





Boas 


RESET C= 
Vss 

wR co 
(OCK C7 
o/c 

5 

NC 


PEREQ C—8 


15022B-002 


Notes: Pin 1 is marked for orientation. 
*Float feature available in Rev. CO and later, PQFP only. 
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PQFP Pin Designation (Functional Grouping) 


Pin Pin Pin Pin Pin Pin Pin Pin | Pin Pin Pin Pin 
Name No. Name No. Name No. Name No. | Name No. Name No. 


Pin Pin Pin Pin Pin Pin Pin 
No. Name | No. Name . Name; No. Name | 
| | Vss 





*Float feature available in Rev. CO and later, PQFP only. 
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LOGIC SYMBOL 
2X Clock  —————P| CLK2 ER D 
ata Bus 
Address Float * 
Bus 
Interrupt 
ss, Control 
Bus 
Cycle 
Control 
a at 
Numeric 
——| Wi Coprocessor 
Control 
Bus 
Cycle 
Definition 





HOLD HLDA 


Bus Arbitration 
Control 


15021B-003 
*Float feature available in Rev. CO and later, PQFP only. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of the elements below. 


A 80386DX —33 


; ee OPTIONAL PROCESSING 


Valid Combinations 


—40 
80386DX -33 
~25 
-20 


—40F, -40S 
—33F, -33S 
—25F, ~25S 
—20F, -—20S 


NG 80386DX 





None = Trimmed and Formed POFP in High Temp Trays 
F = Ringed PQFP in Horizontal Tubes 
S = Ringed PQFP in Coin-Stack Tubes 


TEMPERATURE RANGE 
Blank = Commercial (Tgase = 0 to +85°C) 


SPEED OPTION 
—40 = 40 MHz 
—33 = 33 MHz 


—25 = 25 MHz 
—20=20 MHz 


DEVICE NUMBER/DESCRIPTION 


80386DX 
Am386DX High-Performance, 32-Bit Microprocessor 


PACKAGE TYPE 


A = 132-Lead Pin Grid Array (CGX 132) 
NG = 132-Lead Plastic Quad Flat Pack (PQ132, PQB132) 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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PIN DESCRIPTION 


A31-A2 

Address Bus (Outputs) 

Outputs physical memory or port I/O addresses. 

ADS 

Address Status (Active Low; Output) 

Indicates that_a valid bus cycle definition and address 
(W/R, D/C, M/IO, BEO, BE1, BE2, BE3, and A31—A2) are 
being driven at the Am386DX microprocessor pins. 
BE3-BE0 

Byte Enables (Active Low; Outputs) 


Indicate which data bytes of the data bus take part ina 
bus cycle. 


BS16 

Bus Size 16 (Active Low; Input) 

Allows direct connection of 32-bit and 16-bit data buses. 
BUSY 

Busy (Active Low; Input) 

Signals a busy condition from a processor extension. 
CLK2 

Clock (Input) 

Provides the fundamental timing for the Am3886DX 
microprocessor. 

D31—D0 

Data Bus (Inputs/Outputs) 


Inputs data during memory, I/O, and interrupt acknowl- 
edge read cycles and outputs data during memory and 
I/O write cycles. 


D/C 
Data/Control (Output) 


Abus cycle definition pin that distinguishes data cycles, 
either memory or I/O from control cycles which are: 
interrupt acknowledge, halt, and instruction fetching. 


ERROR 

Error (Active Low; Input) 

Signals an error condition from a processor extension. 
FLT * 

Float (Active Low; Input) 


An input signal which forces all bi-directional and output 
signals, including HLDA, to the three-state condition. 


FLT has an internal pull-up resistor, and if it is not used it 
should be unconnected. 

HLDA 

Bus Hold Acknowledge (Active High; Output) 
Indicates that the Am386DX microprocessor surren- 
dered control of its local bus to another bus master. 
HOLD 

Bus Hold Request (Active High; Input) 


Allows another bus master to request control of the local 
bus. 


*Float feature available in Rev. CO and later, PQFP only. 


INTR 

Interrupt Request (Active High; Input) 

A maskable input that signals the Am386DX micropro- 
cessor to suspend execution of the current program and 
execute an interrupt acknowledge function. 

LOCK 

Bus Lock (Active Low; Output) 


A bus cycle definition pin that indicates that other sys- 
tem bus masters are denied access to the system bus 
while it is active. 

M0 

Memory I/O (Output) 

A bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 

NA 

Next Address (Active Low; Input) 

Used to request address pipelining. 

NC 

No Connect 


Should always remain unconnected. Connection of a 
NC pin may cause the processor to malfunction or be 
incompatible with future steppings of the Am386DX 
microprocessor. 

NMI 

Non-Maskable Interrupt Request 

(Active High; Input) 


Anon-maskable input that signals the Am386DX micro- 
processor to suspend execution of the current program 
and execute an interrupt acknowledge function. 


PEREQ 
Processor Extension Request (Active High; Input) 


Indicates that the processor extension has data to be 
transferred by the Am386DX microprocessor. 


READY 

Bus Ready (Active Low; Input) 
Terminates the bus cycle. 
RESET 

Reset (Active High; Input) 


Suspends any operation in progress and places the 
Am386DX microprocessor in a known reset state. 


Vcc 

System Power (Active High; Input) 

Provides the +5 V nominal DC supply input. 

Vss 

System Ground (input) 

System ground provides 0 V connection from which all 
inputs and outputs are measured. 

Ww/R 

Write/Read (Output) 


Abus cycle definition pin that distinguishes write cycles 
from read cycles. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ........... —65°C to +150°C 
Ambient Temperature Under Bias . . -65°C to +125°C 
Supply Voltage with Respect 

10: VSS; = 2h besa od ie a eee —-0.5Vto+7V 
Voltage on Other Pins ........ —0.5 V to Vcc +0.5 V 


AMD Lt 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over COMMERCIAL operating ranges 


Vcc =5 V +5%; Tcase = 0°C to +85°C (PGA) 
Vec=5 V +10%;Tcase = 0°C to +100°C (PQFP) 


Parameter 
Symbol Description Unit 




















i CLK2 Input Low Voltage (Note 1) a a ae 
Vince CLK2 Input High Voltage 
20 MHz Vogt 0.3 V 
25, 33, and 40 MHz 3.7 Vee + 0.3 V 
Vor Output Low Voltage 
lb = 4 mA: A31—A2, D31—DO 0.45 V 
lo. =5 mA: BE3-BEO, W/R, 0.45 V 
D/C, M/IO, LOCK, ADS, 
HLDA 
Vou Output High Voltage 
low = 1 MA: A31—A2, D31—DO 2.4 V 
lon = 0.9 mA: BE3-BEO, 2.4 V 
W/R, D/C, M/IO, LOCK, 
ADS, HLDA 
ha Input Leakage Current Voc +15 pA 
(All pins except BS16, PEREQ, 
BUSY, FLT*, and ERROR) 
Ma Input Leakage Current Vin=2.4 V 200 
(PEREQ Pin) (Note 2) 
he Input Leakage Current V,, = 0.45 
(BS16, BUSY, FLT*, and ERROR) (Note 3) 
hé Output Leakage Current 0.45 Vs VourS Vee Pats pA 
lie Supply Current 
CLK2 = 40 MHz: with —20 log TYP = 350 500 mA 
CLK2 = 50 MHz: with -25 lee Typ = 375 550 mA 
CLK2 = 66 MHz: with -33 log Typ = 400 550 mA 
CLK2 = 80 MHz: with —40 lee Typ = 400 550 mA 
Cw Input or I/O Capacitance F,=1 MHz (Note 4) a er ee pF 
Cour Output Capacitance F,=1 MHz (Note 4) a a ae pF 
eck CLK2 Capacitance | F =1 MHz (Note 4) en eee pF 
Notes: 1. The Min value, —0.3, is not 100% tested. 
2. RSTE UR ut has an internal pulldown resistor. 
3. BS16, , FLT*, and ERROR inputs each have an internal pullup resistor. 
4. Not ‘508 tested. 
“Float feature available in Rev. Co and later, PQFP only. 
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SWITCHING CHARACTERISTIC over operating range 
Vcc =5 V +5%; Tcase = 0°C to +85°C 


1 
2a 


3a 
3b 


& 


ol 


COINTo® 


9 
10 
10a 
11 
12 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Parameter 
Description ene eae 


Operating Frequency Half of CLK2 Freq ae: Ge ae 


C2 Wend a Sa SE SRR A Be ns 
—— : 
[ote vightime ———ijaarv SiS SCidYCSSC~id 
[otk tow tine Pate Os ns 
ctk2towTime_-fatoav ‘| 3 -| aa | id ns 


CLK2 Fall Time 3.7 V to 0.8 V 

(Note 3) ns 
CLK2 Rise Time 0.8 Vto 3.7 V 

(Note 3) ns 


r 
ea CT a eT A Oe a Se 8 
P BES-BEO,LOGK Valid Delay | O\-50eF | asia] 4 [1a ns 
"BES-BEO, LOCK Float Delay | (Nowe) | 19+] 4 <i 20 
WiFi M0, D/G Valid Delay | Q=S09F | a8, [4 | 19 | ns 
PADS Vaid Delay Sider iPad 


WIL Mi, D/G, ADS Float Delay | (Note 1) poe a Oe ne 
D31—D0 Write Data Valid Delay C, =50 pF (Note 4) 2,6, 13 a ae ns 
D31-D0 Write Data Hold Time | ©, =50 aes oe ae Cee 


POPNT_ 


A A oe A EC A a 
ns 
ae ee 
PNY eee nee (ERED awe GP ane NESE ns 
TBSieHow me | [+ | 2d 
be a A ST a A 
1 a es SRC as AC EE 
| D31-DOReadHoldTime ss s| rr CE 4 Zt 
Le Te SA Ta A I 
A ee ns 


| RESETHold Time —s_— Hold uu ns 
Chit WTR Soup Tis [wae er 
| NMLINTRHoldTime =| (Note2) Tt ts 
| PEREQ, ERROR, BUSY Setup Time (Note2) ss | 4] | Cds 


PEREQ, ERROR, OR, BUSY Hold Time | (Note 2) ae ae ae ns 


rt 





163) 


Notes: 1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 
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2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific clock period. 

. Rise and fall times are not tested. 

. Min time not 100% tested. 
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SWITCHING CHARACTERISTIC over operating range 
Vec=5 V +5%; Tease = 0°C to +85°C 


Parameter Ref 
Description Figures Unit 


Operating Frequency HafofcuKeFrea | | ss | 33 | 


1 [ SCU2 Period a) ee 8 ns 
2a_[ cik2HighTime +i aev its <i om Td 
A 
3a es ae a ns 
2b ns 


CLK2 Fall Time 3.7 v to 0.8 V 

(Note 3) ns 
CLK2 Rise Time 0.8 Vto 3.7 V 

— 3) ns 





6 A31-A2 Valid Delay ns 
7 A31~A2 Float Delay it 1) el on ro ns 
8 BE3-BEO, LOCK Valid Delay | CO =50pFo 25.13 | 4 5 ns 


9 | BES-BEO LOCK oat Delay | ote) ‘| 19 | 4 | 20 | ns 
10 | WALMAO,DGValidDely | =50pF «4259 | 4 | 18 | as 
Toa | ADSValdDelay _————«d(~-80pF +fasia | 4 | 145 | as 
11 | WR MAO, Di, ADSFoat Delay | Woet) | 19 | 4 [20 | ns 
12 | Dat-DO Write Data Valid Delay | 0-50pF Noted) 2610 | 7 | 2 | ns 

Dat=DOWite DataHioldTime | c.=50pF | 27 | 2 || ns 
is os a Sa 
14_| HLDA Valid Delay | ~Gxsopr | 13 | «| 20] ns 
A eT aa A (A TO GR 
ON  P 
7 | B5i6seuptime ———Si~dYSSCSCSCSCSCSC~‘ dP id ti 
18 | BSt@Hod Time Si SSC it 
TON Ss ET RES CA NY BT 
20 | FEADYHodTime ——~—SC*~dS<C*‘“<‘~;~;S;S;*;*é*srSASC‘dSC‘ASSOC|STC(*d 
21 Da1-DoRead SoupTme | ——SC—~id Sd —*d ts 


ALRPLMLNP ARPA, ATS 


APRLHPPALALT SD 


22 | Da1-DoReadHod Time —+| ——SC~CSs S| dt 
23 | HOLD SeupTime YS dot 
24 | HOLDHo Time ——SC~iCSC~C~C~S~S~S~idSC Ad] 2 did 
25 RESETSowpTime ———s«dYSSCSC~CSC—~S A | os dT C*d Ct 
26_[ RESETHodTime Sid SSCS a 2 id 
27 | NMLINTR Setuptime ‘| _Woea) ~~ 4 os) SC*id 
28 NMLINTR Hod Tine | (Noea) Sd a] id 





29 PEREQ, ERROR, BUSY Setup Time | (Note 2) ee ee ee 
30 PEREQ, ERROR, BUSY Hold Time (Note 2) ES eS ee ns 


Notes: 1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
Bees within a specific CLK2 period. 
Rise and fall times are not tested. 
. Min time not 100% tested. 
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SWITCHING CHARACTERISTIC over operating range 
Vcc =5 V +5%; Tcase = 0°C to +85°C (PGA) 
Vcc =5 V +10%; Tcase = 0°C to +100°C (PQFP) 


Parameter Ref 
No. Description Figures Unit 


Operating Frequency Half of CLK2 Freq a MHz 





1 | ClK2Period CC Ss 
2> | OLK2HighTime ———S*~—<~rtC tC CPC CTSSCSC~*dSC 
3a] Olk2lowTme——=—S=~=“—~*~s CS CdS TCTCd 
3b | ClketowTime —=Ss—sid| tov CT TS dTCd 

a ck a 
(Note 3) 7 ns 

[meres age 
(Note 3) 7 ns 
7_| Ast-A2FloatDelay ——=«d;~Notet)@~S—SS*=‘dY~SSC| SSC CT SC C«dSCors 
8 ns 
8a ns 
9 | BES-BEO,LOCK Float Delay | Wotet) | 13 [| 4 | 30 | ns 

i PO 
Valid Delay C, =50 pF 2,5, 13 4 21 ns 
Float Delay (Note 1) 13 4 30 ns 
12 ns 
2a | D3t-DoWrite DataHold Time | G=50pF | 27 | 2 |_| ne 
13 ns 
14 HLDAValdDelay =i ~GeS0eF | is || 
15, 1 NA Setop Mime, fo | 
16 | NAHoldtime | CCE Ed ts 
17 [| BSi6SetupTime | Ci As 
19 | READYSetupTime = | Ct—“‘iEC Cd ts 
20 | READYHoldTime = | CT Kd ts 
22 | Dai-DoReadHodTime «| SSSSCdT SAS] Cd C*d;«CS 
23 | HOLDSeuptime si ~SsC~<C~iSCSC*‘dY:~SCi TT CdYTCTCTCSC~*dS 
24_| HOLDHoldTime ——=SCidSCSC~‘<~‘~SStSC‘dY Si CdTSTSC*dC 
25 | RESETSetupTime | CC Tt] ts 
26 | RESETHodTime = | CC Tid ts 
28_| NMIINTRHodTime | (Notea) | 4 | 6 | | ns 

Ol Stetme fmm | ce | oe | 
Setup Time | (Note 2) 4 ns 

| tats EEA fowen |e | os | 
| Hold Time (Note 2) ns 


Notes: 1. Float condition occurs when maximum output current becomes less than Ito magnitude. Float delay is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific CLK2 period. 
3. Rise and fall times are not tested. 
“Float feature available in Rev CO and later, PQFP only. 
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SWITCHING CHARACTERISTIC over operating range 
Vec = 5 V +5%; Tcase = 0°C to +85°C (PGA) 
Vec=5 V +10%; Tcase = 0°C to +100°C (PQFP) 


Parameter Ref 
No. | Description Figures Unit 


Operating Frequency Half of CLK2 Freq a ae ae ae MHz 




















a 
2a_| CLK2HighTime tate id ts 
3a_| Clketowtme ————~«iY atv SSC] dT SC CdTSSSCSC~s 
(Note 3) 3 ns 
(Note 3) 3 ns 
7 ns 
8 ns 
a 
Float Delay (Note 1) 13 32 ns 
Valid Dela C, =75 pF 2,5, 13 28 ns 
Float Delay (Note 1) 13 30 ns 
12 ns 
13 ns 
14_| HLDAValidDelay | G75 pF tts | 6 | ks 
15_| NASetpTime ts 
16 | NAHoldTime ts 
7_| BSieSetupTime | tds 
18 | BSt6HoldTime ts 
20_| READYHodTime si SSCS SA SCT TTCSC~*d 
21__| D31-D0ReadSetupTime | Kt dts 
22_| D3i-DoReadHoldTime | Ts 
23 | HOLDSeupTime Ss] SS TCSCSCdT ST Tid 
24 | HOLDHoldTime Td ts 
25 | RESETSetupTime | ts 
26 | RESETHoldTime | Td ts 
27 ns 
28 | NMLINTRHoldTime | (Note2) | ns 


29 PEREQ, ERROR, BUSY, FLT* 
Setup Time Note 2 4 14 ns 
30 PEREQ, ERROR, BUSY, FLT* 

Hold Time (Note 2) 4 


Notes: 1. Float condition occurs when maximum output current becomes less than Ito magnitude. Float delay is not 100% tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to assure 
recognition within a specific CLK2 period. 
3. Rise and fall times are not tested. 


“Float feature available in Rev. CO and later, PQFP only. 
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SWITCHING WAVEFORMS 


The switching characteristics consist of output delays, 
input setup requirements, and input hold requirements. 
All characteristics are relative to the CLK2 rising edge 
crossing the 2.0 V level. 


Switching characteristic measurement is defined in 
Figure 1. Inputs must be driven to the voltage levels indi- 
cated by this diagram. Am386DX microprocessor out- 
put delays are specified with minimum and maximum 
limits, measured as shown. The minimum Am386DX 
microprocessor delay times are hold times provided to 
external circuitry. Am386DX microprocessor input 
setup and hold time are specified as minimums, defining 


Outputs: 


(A31—A2, D/C, waa 

BE3-BEO, alid 45 

ADS, MIO, WR, |. Output 
LOCK, HLDA) 


Outputs 
(D31--0) 


Inputs 3.0V ee 
(NA, BST6, ‘ 


OV ste oe. 


INTR, NMI) 


Inputs: 

(READY, HOLD, 
ERROR, FLT*, 
BUSY, PEREQ, 
D31—D0) 


Legend: A—Maximum Output Delay Spec 
B—Minimum Output Delay Spec 
C—Minimum Input Setup Spec 

D—Minimum Input Hold Spec 






Note: Input waveforms have tr < 2.0 ns from 0.8 V to 2.0 V. 
“Float feature available in Rev. Co and later, PQFP only. 





Valid Ne fiecitsy 


Output n 


the smallest acceptable sampling window. Within the 
sampling window, a synchronous input signal must be 
stable for correct Am386DX microprocessor operation. 
Outputs ADS, W/R, D/C, M/IO, LOCK, BE3-BEO, 
A31-—A2, and HLDA only change at the beginning of 
phase one. D31—D0 (write cycles) only change at the 
beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREQ, FLT*, and D31-D0 (read cycles) in- 
puts are sampled at the beginning of phase one. The 
NA, BS16, INTR, and NMI inputs are sampled at the be- 
ginning of phase two. 








TX 


Fe 2V 





TOA 





3.0 V —— 





15021B-071 


Figure 1. Drive Levels and Measurement Points 
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Am386DX CPU Output | 
C 


L 


C, includes all parasitic capacitances. 


Figure 2. AC Test Loads 


t1 


t2a 


t2b 
Veo-0.8V | L——— t \\\“—_—-/— Vy 
CLK2 2.0V ¢|/—— ——. : 
0.8 V i — 
|} Lots t3b t4 


t3a 


Figure 3. CLK2 Timing 
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*Float feature available in Rev. CO and later, PQFP only. 








Figure 4. Input Setup and Hold Timing 15021B-074 
2 1 Tx 92 o1 
CLK2 I 
| 18 18a 
Bee [ Valid 
t10 ti0a 
“De Abe l Valid n 
t6 
A31—-A2 I Valid n 
HLDA [ 
Figure 5. Output Valid Delay Timing 15021B-075 





1-490 Am386DX Microprocessor 






oT nee i a AS mn le en to ea enc Ae AN RR NRE EGS RE AI AT ICSE 





T1 
o1 2 


CLK2 [ 





parvo [ 
15021B-076 
Figure 6. Write Data Valid Delay Timing (25, 33, and 40 MHz) 
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Figure 7. Write Data Hold Timing (25, 33, and 40 MHz) 
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Figure 8. Write Data Valid Delay Timing (20 MHz) 
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nom +6 


nom +3 


Output Valid Delay (ns) 


nom -~-3 
nom —6 


nom —9 
50 75 100 125 150 
C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 15021B-079 


Figure 9. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (Ci =120 pF) 


nom + 9 


nom +6 


nom+3 


Output Valid Delay (ns) 


nom —3 


nom —6 
75 100 125 150 
C, (picofarads) 


15021B—080 
Note: This graph will not be linear outside of the C, range shown. 


Figure 10. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (C.= 75 pF) 
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nom +9 


nom +6 


Output Valid Delay (ns) 


nom +3 


nom 


nom -3 


50 75 100 125 150 
C, (picofarads) 


Note: This graph will not be linear outside of the C, range shown. 15021B—081 


Figure 11. Typical Output Valid Delay Versus Load Capacitance 
at Maximum Operating Temperature (C: = 50 pF) 


Rise Time (ns) 0.8 V—2.0 V 4 


2 
8 
50 75 100 125 150 
C, (picofarads) 
Note: This graph will not be linear outside of the C, range shown. 15021B-082 


Figure 12. Typical Output Rise Time Versus Load Capacitance 
at Maximum Operating Temperature 
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CLK2 I 


Le8) 
IT] 
; 
a 
m 
() 


= 
= 
a 


A31—A2 I 





D31—D0 I 


t13—Also applies to data float when write 
cycle is followed by read or idle 


a ax! ie 
Max 








: : Bt 15021B—083 
Figure 13. Output Float Delay and HLDA Valid Delay Timing 
RESET Initialization 
t25 
The second internal processor phase following RESET High-to-Low transition (provided t25 and t26 are met) is 62. 
15021B-084 


Figure 14. RESET Setup and Hold Timing and Internal Phase 
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Am386™SX 


High-Performance, 32-Bit Microprocessor 


with 16-Bit Data Bus 


DISTINCTIVE CHARACTERISTICS 

m Compatible with 386SX systems and software 
m 25- and 20-MHz operating speeds 

m Pin-for-pin replacement of the Intel i386SX 

re 


Supports 387SX-compatible math 
coprocessors 


GENERAL DESCRIPTION 


The Am386SX microprocessor is a compatible imple- 
mentation of the Intel i886SX. It is engineered to meet 
strict requirements for compatibility. It is compatible with 
hardware designed for 386SX systems and is, in fact, a 
pin-for-pin replacement of the Intel i386SX. It is also 
compatible with operating systems written for the 386 
and the wide variety of commercially available software 
applications. 


The Am386SX microprocessor is a 32-bit CPU with a 
16-bit external data bus, and a 24-bit external address 


BLOCK DIAGRAM 


Segmentation Unit 


3-Input op 
y Descriptor é 


Effective Address Bus 





Effective Address Bus ‘ 
Registers 


Limit and 
Attribute 
PLA 












Displacement Bus 












Instruction 


and Decoder 


Sequencing 


Multiply/ a 
Divide Flags 
Besietck | . 
File 
Control 


ALU Control 


Control 





Dedicated ALU Bus 


*Float feature is available in Rev. BO and later. 






Publication #: C15022 Rev. C Amendment: /0 
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Internal Contro! Bus 


Linear Address Bus 


Instruction Precode 


meeting mim we Leeper ett 2B Sines ~ataent y Sect Ei ee toe Mae NA ROS On ARN rea cannes Poa ta Be kee ones nate RI ra ee a td me aCe ete aS see eee ot 


Advanced 
Micro 
Devices 


m@ 100-lead PQFP package with optional 
protective ring for better lead coplanarity 


m 24-bit address bus, 16-bit data bus 
m Advanced 0.8 micron CMOS technology 


bus. It provides the performance and compatibility 
benefits of the 386 architecture with the cost savings as- 
sociated with 16-bit hardware. This device offers a 25% 
increase in performance from 20 to 25 MHz. 


The device is manufactured using the AMD® advanced 
0.8 micron CMOS process. It is packaged in a 100-pin 
plastic quad flat pack (PQFP). This package may be 
shipped in an optional protective ring for better lead 
protection during manufacturing. 

































Paging Unit Bus Control 
HOLD, INTR, 
Adder Request NMI, ERROR, 
Prioritizer BUSY, RESET, 
HLDA, FLT* 
Page 2 
Cache g 
Control & =| 
Attribute rd 
PLA a 
BHE, BLE 
Address ’ , 
$ Driver A23-A\ 
$ M/O, D/C, 
5 Pipeline WIR, LOCK, 
3 READY — 
8 MUX/ 
Prefetcher/ = ies D15-—Do 
Limit 
Checker 
Instruction Prefetch 
32 15022A-—001 


EN avo 


ot. aa via ben 





CONNECTION DIAGRAM 
Top View 


96 C— D3 
95 [7] D4 
94 C7 D5 
93 [—] D6 
92 [7 D7 
91 EI Vec 
90 f— D8 
89 fF 7 D9 
88 F—-) D10 
87 [7 ~OD11 
8 C7 Di2 
85 FI Vss 
84 EI Vee 
83 Ca D13 
82 C77 D114 
81 C7 D15 
80 [7 A23 
79 [C7 A22 
77 C= Vss 
76 Co A21 


9 
) 
> 
~_ 
con) 


98 [7I Vss 


m_- A 
Aa QA 
Qo Oo 
oOo Oo 
panel 


DO 















ames Os | ea 
Vss Cl 2 1 A19 
HLDA Ca 3 1 A18 
HOLD Coy 4 “—) Ai7 
Vss Co 5 T—] Voc 
NA co 6 I Ais 
READY co 7 1 Vee 
Veo CS 8 1  Vss 
Ve CS 9 caamael RY 
Veo C= 10 1] A115 
Vss Co 11 rT] Al14 
Vss C= 12 ——] Ai13 
Vsg Co 13 Eo) Vas 
Vss Co 14 —) Ai2 
CLK2 C= 15 m—) Ail 
ADS C4 16 7 A10 
BLE co 17 — AQ 
Ai Coo 18 r—) A8 
BHE co 19 r—] Voc 
NC C= 20 rT] A7 
Vee Co 21 [1 A6 
Vss Co 22 PI AS 
MIO Co 23 7 Ad 
DC Co 24 I A3 
WR Co 25 1 A2 
SRSRSrSRBsES8BSESSBISEIS IS SEUIVSSsB 
FUUUUUUU UU UU UU UU UU UU Uo 
Reb 222 he 2h as re ss 22 222522 
Or ee Oko ole & = 
a or a. 


15022P 002 


Notes: NC =No Connect 
Pin 1 is marked for orientation. 
*Float feature is available in Rev. BO and later. 
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PIN DESIGNATIONS (Sorted by Pin Name) 


| Address | Data | Comtrol |New 
[Rene [Pane Pave [P| Pe Pv ii 


ADS 
BHE 
BLE 
BUSY 
CLK2 
D/C 
ERROR 
FLT” 
HLDA 
HOLD 
INTR 
LOCK 
M/IO 
NA 
NMI 
PEREQ 
READY 
RESET 
w/R 


NA 


D 
a8 
‘Ss 


fe) 
{?) 


” 72) 
” 7) 


a at at a ee 


” 
a 


© 
A 
Nh 





*Float feature is available in Rev. BO and later. 
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LOGIC SYMBOL 





5 vootmiiieetrcalas Bape a 


2X Clock 
Float 
Data Bus 4 
Math 
Coprocessor 
Control 
Address Bus 
Am386SX 
eee operates Interrupt Control 
Bus 
Bus Cycle a 
Definition Arbitration 
Control 








ADS NA READY 


Bus Cycle Control 


15022B—003 
*Float feature is available in Rev. BO and later. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


NG 80386SX  -20 


OPTIONAL PROCESSING 

None = Trimmed and Formed PQFP in high-temp trays 
F = Ringed POQFP in horizontal tubes 
S = Ringed PQFP in coin-stack tubes 

TEMPERATURE RANGE 

Blank = Commercial (0°C to +100°C) 

SPEED OPTION 

—25 = 25 MHz 

—20 = 20 MHz 

—16=16 MHz* 

DEVICE NUMBER/DESCRIPTION 

80386SX 

Am386SX High-Performance, 

32-Bit Microprocessor with 16-Bit Data Bus 

PACKAGE TYPE 


NG = 100-Pin Plastic Quad Flat Pack (PQ100, PQB100) 


Valid Combinations 


NG 80386SX 


“Contact AMD for 16-MHz availability. 





Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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PIN DESCRIPTION 

A23—A1 

Address Bus (Outputs) 

Outputs physical memory or port I/O addresses. 


ADS 

Address Status ( Active Low; Output) 

Indicates that a valid bus cycle definition and address 
(W/R, D/C, MAO, BHE, BLE, and A23—A1) are being 
driven at the Am386SX microprocessor pins. 

BHE, BLE 

Byte Enables (Active Low; Outputs) 

Indicate which data bytes of the data bus take part 
in a bus cycle. 

BUSY 

Busy (Active Low; Input) 

Signals a busy condition from a processor extension. 


CLK2 

CLK2 (Input) 

Provides the fundamental timing for the Am386SX 
microprocessor. 


D15—D0 

Data Bus (Inputs/Outputs) 

Inputs data during memory, I/O, and_ interrupt 
acknowledge read cycles; outputs data during memory 
and I/O write cycles. 

D/C 

Data/Control (Output) 

A bus cycle definition pin that distinguishes data cycles, 
either memory or I/O, from control cycles which are: 
interrupt acknowledge, halt, and code fetch. 

ERROR 

Error (Active Low; Input) 

Signals an error condition from a processor extension. 
FLT* 

Float (Active Low; Input) 

An input which forces all bi-directional and output 
signals, including HLDA, to the three-state condition. 
HLDA 

Bus Hold Acknowledge (Active High; Output) 


Output indicates that the AM386SX microprocessor has 
surrendered control of its logical bus to another bus 
master. 


HOLD 

Bus Hold Request (Active High; Input) 

Input allows another bus master to request control of the 
local bus. 

INTR 

Interrupt Request (Active High; Input) 


A maskable input that signals the Am386SX micropro- 
cessor to suspend execution of the current program 
and execute an interrupt acknowledge function. 


LOCK 

Bus Lock (Active Low; Output) 

A bus cycle definition pin that indicates that other 
system bus masters are not to gain control of the system 
bus while it is active. 

M/IO 

Memory/lO (Output) 

A bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. 

NA 

Next Address (Active Low; Input) 

Used to request address pipelining. 

NC 

No Connect 

Should always be left unconnected. Connection of a NC 
pin may cause the processor to malfunction, or be in- 
compatible with future steppings of the Am386SX 
microprocessor. 

NMI 


Non-Maskable Interrupt Request 
(Actve High; Input) 


Anon-maskable input that signals the Am386SX micro- 
processor to suspend execution of the current program 
and execute an interrupt acknowledge function. 
PEREQ 

Processor Extension Request (Active High; Input) 
Indicates that the processor has data to be transferred 
by the Am386SX microprocessor. 

READY 

Bus Ready (Active Low; Input) 

Terminates the bus cycle. 


RESET 

Reset (Active High; Input) 

Suspends any operation in progress and places the 
Am386SX microprocessor in a known reset state. 

Voc 

System Power (Active High; Input) 

Provides the +5 V nominal DC supply input. 

Vis 

System Ground (Input) 

Provides the 0 V connection from which all inputs and 
outputs are measured. 

W/R 

Write/Read (Output) 


A bus cycle definition pin that distinguishes write cycles 
from read cycles. 


*Float feature is available in Rev. BO and later. 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature under bias ..... — 65 to 125°C 
Storage Temperature .............. —65 to 150°C 


Stresses above those listed may cause permanent 
damage to the device. Exposure to absolute maximum 
rating conditions for extended periods of time may affect 
device reliability. 


OPERATING RANGES 


Supply Voltage with respect to V,, .... 
Voltage on other pins 


~0.5Vto7V 
~0.5 V tO (Veo + 0.5)V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 





DC CHARACTERISTICS over COMMERCIAL operating ranges 


Veo =5 V 10%; Tange =0°C to 100°C 








Unit 


Veu Output Low Voltage 
lo. = 4-mA: A23-A1, D15—D0 0.45 V 
lb, = SMA: BHE, BLE, W/R, 0.45 V 
D/C, M/IO, LOCK, 
ADS, HLDA 
Von Output High Voltage 
ly = 1.0mA: A23-A1, D15—-D0 V 
lon = 0.2 mA: A23-A1, D15—D0 V 
lon = O.9mMA:  BHE, BLE, W/R, V 
D/C, M/IO, LOCK, 
= 0.18 mA: 
la Input Leakage Current +15 pA 
(for all pins except PEREQ, 
BUSY, FLT", and ERROR) 
hia Input Leakage Current Vin = 2.4 V (1) pA 
(PEREQ pin) 
Me Input Leakage Current V,, = 0.45 V (2 -—400 pA 
(BUSY, ERROR, and FLT” pins) 
lis Output Leakage Current 0.45 V < Vour $ Vee pA 
leg Supply Current 
CLK2 = 32 MHz: with -16** lee Typ = 175 mA (3) 275 mA 
CLK2 = 40 MHz: with -20 ie Typ = 200 mA (3) 305 mA 
CLK2 = 50 MHz: with -25 lee Typ = 225 mA (3) 335 mA 
Cw Input Capacitance = 1 MHz (4) pF 
our Output or I/O Capacitance F, = 1 MHz (4) a a a pF 
ax | CLK2 Capacitance F, = 1 MHz (4) Pf oF 
Notes: Tested at the minimum operating frequency of the part. 1. PEREQ input has an internal pull-down resistor. 
*Float feature is available in Rev. BO and later. 2. BUSY, FLT’, and ERROR inputs each have an internal 
**Contact AMD for 16-MHz availability. pull-up resistor. 
3. lec Max measurement at worst case frequency, Vcc, and temp- 
erature, outputs unloaded. 
4. Not 100% tested. 
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seston 


EN vic 
SWITCHING CHARACTERISTICS 


The switching characteristics given consist of output de- 
lays, input setup requirements, and input hold require- 
ments. All switching characteristics are relative to the 
CLK2 rising edge crossing the 2.0 V level. 


Switching characteristic measurement is defined by 
Figure 1. Inputs must be driven to the voltage levels 
indicated by Figure 1 when switching characteristics are 
measured. Output delays are specified with minimum 
and maximum limits measured, as shown. The mini- 
mum delay times are hold times provided to external 
Circuitry. Input setup and hold times are specified as 


CLK2 | 2V 


Outputs: 
(A23—-A1, BHE, BLE, Valid 
ADS, M/O, D/G, | Outputn 1-> 


W/R, LOCK, HLDA) 


Outputs 
(D15—D0) 





3.0V =F 
aa Inputs ee 
(NA, INTR, NMI) “s 
ov = 
Inputs: 


___ (READY, HOLD, 
FLT’, ERROR, BUSY, 
PEREQ, D15—Do) 






Legend: A— Maximum Output Delay Characteristic 
B— Minimum Output Delay Characteristic 
C— Minimum Input Setup Characteristic 

D— Minimum Input Hold Characteristic 


*Float feature is available in Rev. BO and later. 


7 TN aa Output n+1 


Output n 





minimums, defining the smallest acceptable sampling 
window. Within the sampling window, a synchronous 
input signal must be stable for correct operation. 


Outputs ADS, W/R, D/C, M/O, LOCK, BHE, BLE, 
A23-A1, and HLDA only change at the beginning of 
phase one. D15—D0 (write cycles) only change at the 
beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREQ, FLT*, and D15-D0 (read cycles) 
inputs are sampled at the beginning of phase one. The 
NA, INTR, and NMI inputs are sampled at the beginning 
of phase two. 





TX 
02 










Valid 


Valid Valid 


Z N SV Output n+1 


Valid 





3.0 V 





OV 


15022B-030 


Figure 1. Drive Levels and Measurement Points for Switching Characteristics 
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SWITCHING CHARACTERISTICS over operating ranges 
Switching Characteristics at 25 MHz: V,, = 5 Vt10%; Tose = O°C to 100°C 


Ref. 












[ Operating Frequency | HalfCuK2treg, = || 2 || Mz 
a nO OO 
2a_| Clk2HighTime—S~—t wR CSCSC~‘“~CSCSdS dt 
2 | CLK2HighTime __——S~s at Wee) SSCSC~sSCiS| de 
3a | CLK2 Low Time EO 
3 | ClkK2LowTime _————sitatoevSCSC~drsS | fs | Cd 
a (Veq-O8V)IOOBV Woes] 2 | | 7 | ts 
5 [ Clk2Rise Time | 08 Vio (Vep-08V) (Notos)[ 2 | | 7 | 1s 
6 | A2a-At ValdDeley——S—~d = SOFC] | | 
7 Woe) 9 | # | 90 | ns 
8 _| BRE BIE LOCK Valid Daly ro=soer dT 8 Ts 
9 | BHE, BLE, LOCK Float Delay a 
10_| MIO, DiS, WA ADE VaidDeay |G -s0er «| 6 | * | q_| ns 
11_[ WA MIO DE, ADSFiostDeay | Sow] _@ | * | 90 | os 
12_| Dis-DoWite Data Vaid Delay |G -S0eF_—=—S—sd[ 8 | 7 | 23 | ne 
12a | DIS-DOWite DataHodTime |= s0er ——+| —~+i| 2 | | ns 
13 Woe] 9 | 4 | 2 | re 
14 HLDAVald Delay —=—SCSC~d CSCSC~*dESC‘SYS# |i 
15_| WASeupTime ——SC—~S SSCS Yd 
16 | WAHodTime SSCs SSCS 8 id 
9 | FEADVSouptime——SSSC—~sSC~C~C~‘“‘“<;<;<;<Srt C8 Cd 
20_| FERDYHodTine ———SC~dT SSCS | Cd 
21 | Dis-DoRead Data SoupTine | SCS (| id 
22 | Dis-DOReadData Hold Time | ———sSCS Cd 
23 [Ho Seuptime ——SSC~dT SSCS #8 | dt 
24 | HOLDHedTime SCS Cd 
25_| RESETSeuptime ————s«dYSSSCSCSCSCSCS So | | Cd 
26_| RESETHodTime ———SC~—~sSC~CSC~CSCSCSCS~S tO |] Sd 
27_[ NWLINTR Setup Time _———s«dTSSSCSCSCS~S~SNtW HP # |] C*d 
28 | NMIINTRHoldTime [Nota [6 |_| 1s 
20 | PEREG, ERROR, BUSY, FLT Soup time | __(Note)| 4 | 6 | | ms 
30_| PEREO, ERROR, BUSY, FLT’ Hold Time | (Note [ 4 | 8 | | na 


Notes: *Float feature is available in Rev. BO and later. 
1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 


3. These are not tested. They are guaranteed by design characterization. 
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SWITCHING CHARACTERISTICS over operating ranges (continued) 
Switching Characteristics at 20 MHz: V,, = 5 V+10%; Toss. = 0°C to 100°C 


ad | Ref. | | 
2 20 MHz 





[Operating Frequency | HafclK2treg. =| || 20 
2a_[Oik2Hightine ——S=S~C~“~*~*~sSSSSC*~C~“‘“S*sSCC*SSC Sid 
2b at Van 08V) as fs 
3a_[ Oik2towTime —S—S—~—~—s wt SSC~sSC Pd 
>| OikelowTime —=S—=~—“‘*‘“~*~s‘isr RW CSSSCSC~“‘“rSCSSC*S Sd 
Vex-O8VioOBV Woes] 2 || 8 | ns 
S| OlkaRisoTime __———~=~S~=*dC OB Vt Weg-0.8V) Notes)| 2 | | 8 | ms 
6 | AaS-AiValdDelay ——=~SC~d = TAF Noto) | 9 | 4 | 30 | ns 
7 | A23-AiFlostDelay ——S—~dSCSCSC*~C~*~“~*~SNte | || 
E Noe] @ | # | 32 | ns 


10a C= Teer _Woea)| 5 | 4 | 28 | 1s 
Tob [WA ADSVaidDeley [= 7SpF Note )]_—o5 | ~~ BCs 
17_[WAMAO, DiC ADSFoatDelay | SSS Note ty] 9 «| 8 | =O 
2_| Di5-DOWiite Data Vaid Delay |G = 120pF (Now| 5 | 4 | 38 | ns 
13 [ DIS-DoWriteDataFioatDey «| —=SSsSS~S~w Nt | =| S|? 
14 [HLDAValidDelay «dT = Spr (Note)? 5 | 4 | 28 | ns 

NA Setup Time aa ae ns 
te [WAHoldTime SC] STTTTCCSCSC~SS A CY Cd 
19 [FEADYSeupTime CT SCCCSC™~—C—ssCST SA | Se | Cd 
20 [FEADYHoWTime | SCCSCSC~C—‘Y A | A CT Cd 
21_[ DiS-DoReadDataSeuptime «| SSSSSSSCSCSC~iTS A CT | SCC 
22 [Dis-DoReadDataHoldtime «| SSSCSCd| A | TCC 
23 | HOLDSewptTime SSCS SSSCSCSC™C~CSCS SA (| tT Sd 
24 | HOLDHoWTime | SS TTTTSCSCSC~d SA CT STC 
25 | RESETSeupTime | STCCSCSCSC~—CSCSCSY 1+] St | SC«d 
26_| RESET Hold Time eee 9 ee ee eT 

NMI, INTR Setup Time Co) 
28 | NMI, INTRHold Time (Note2)| 4 | 16 | =| ns 


6 
14 


AL ATR 


ys 
n 


N Nh 
Co) N 











PEREQ, ERROR, BUSY, FLT” Setup Time (Note 2 4 
30 | PEREQ, ERROR, BUSY, FLT* Hold Time — (Note2)} 4 | 5 | | ns 


Notes: *Float feature is available in Rev. BO and later. 
. Float condition occurs when maximum output current becomes less than Io in magnitude. Float delay is not 100% tested. 


. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 


3. These are not tested. They are guaranteed by design characterization. 


. Tested with C, set at 50 pF and derated to support the indicated distributed capacitive load. See Figures 11-14 for the capacitive 
derating curve. 
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SWITCHING CHARACTERISTICS over operating ranges (continued) 
Switching Characteristics at 16 MHz**: V,, = 5 V+10%; T.,5. = 0°C to 100°C 


‘4 Ref. 


Operating Frequency Half CLK2 freq. Lhe ae MHz 





i [oikePees SSSCSC~—SCSCSC—s—CSCS 
2a_[ OlkeHighTine ——S—SC~“~*~*~*‘iSSSCSCSC*~“‘“*sSC«*dSS Sd 
2 _[ Olk2HighTime _——SCS~s Rw SSCSC*dSC PP 
3a_| OlK2lowTime —S—S—S—~—~— RV SC*d Pd 
¢ | GikaFaltime ~~~ Weg BWTOOBV Woe] 2 | | 8 | as 
08 Vie Ver-08W) Noes) 2 | | 8 | ms 
O= 20pF Woe] 5 | 4 | 36 | ms 
7 [A2-AiFloatDeley ——S—S—~SCSC~C*~“~*‘“~*~*~‘sNe | PY 
8 [BRE BIE, TOCRValdDeay «t= Tear owt 5 | # | 36 | as 


p 


a a 
E ns 
14 Caer Woe] 5 | 4 | 33 | ne 
15_| NA Setup Tine a 
1@_[ NAWodtime ——S~C~—SCSCSCSCSC—CSSS Pd 
9 FEADYScupTime —SC~—S SSSCSCSC~—SSS Pd 
20_| FEADY Hod Time ————SC~—~—~—SC;‘;C;*S™SSSC*dSC Cid 
21 | Di6-DOReadDataSouptime | SCS #8 | 
22 | Di6-D0 Read DataHold Time ‘| SCS (| | dr 
23_| HOLD SeupTime —=——SSC~d SSCS | 2] id 
24_| HOLD Hold Time SSC SSCS 
25_| RESET SeupTine———S—~d SSCS 1) |? | id 
26_| RESETHodTime SCs SSCS 1.‘ | id 
27_| NM NTRSaupTine ——S~dtCSC~“‘~‘“~*~*~sNW HY | tS Cd 
28 | NMLTRHod Time _——S—S~dTSSCSCS~S~S~S~S~SNto | | Bid 
30_| PEREO, ERROR BUSY, FLT Hold Time | __Woteaf ¢ | 5 | | 1s 


Notes: *Float feature is available in Rev. BO and later. 
**Contact AMD for 16-MHz availability. 
1. Float condition occurs when maximum output current becomes less than lio in magnitude. Float delay is not 100% tested. 


2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, to 
assure recognition within a specific CLK2 period. 


3. These are not tested. They are guaranteed by design characterization. 


4. Tested with C, set at 50 pF and derated to support the indicated distributed capacitive load. See Figures 11-14 for the capacitive 
derating curve. 
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Figure 2. CLK2 Timing 
Am386SX CPU Output 
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Figure 3. AC Test Circuit 
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SWITCHING WAVEFORMS 


Tx > 1 Tx 


cLK2 | 


READY [ 


HOLD [ 


D15—D0 [ 
(Inputs) 
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INTR, NMI [ 


*Float feature is available in Rev. BO and later. 15022B-033 
Figure 4. Input Setup and Hold Timing 
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Figure 5. Output Valid Delay Timing 
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SWITCHING WAVEFORMS (continued) 











Tt 
1 o2 
CLK2 [ 
WR l 
t12 Min Ma 
D31-—D0O | 
15021B-076 
Figure 6. Write Data Valid Delay Timing (20 and 25 MHz) 
T1 
o1 o2 
CLK2 [ 
WR I 
Min 
t12a 
j NIA: ha i ae 
D31—Do [ Valid n YANCn 
15021B-077 
Figure 7. Write Data Hold Timing (20 and 25 MHz) 
T1 
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WR [ 
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Figure 8. Write Data Valid Delay Timing (20 MHz) 
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SWITCHING WAVEFORMS (continued) 
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t13—Also applies to data float when write 
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Figure 9. Output Float Delay and HLDA Valid Delay Timing 
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Figure 10. RESET Setup and Hold Timing and Internal Phase 
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Output non 
Valid 
Delay 
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15022B-037 


Figure 11. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C, = 120 pF) 


nom +9 
Output nom+6 | 
Valid 
Delay 
(ns) nom +3 
nom 
nom —3 
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Note: This graph will not be linear outside of the C, range shown. 


Figure 13. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 
Temperature (C.=50 pF) 


Output 
Valid 
Delay 

(ns) 


nom +9 


nom + 6 


nom+3 


nom 


nom —3 


nom —6 
75 100 


C, (picofarads) 


125 150 


15022B-038 


Figure 12. Typical Output Valid Delay Versus 
Load Capacitance at Maximum Operating 


Temperature (C, = 75 pF) 


Rise Time (ns) 4 


0.8 V~2.0 V 


100 
C, (picofarads) 


125 150 


15022B-039 


Figure 14. Typical Output Rise Time Versus 


Load Capacitance at Maximum 
Operating Temperature 
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AMD 80C287™ 
80-Bit CMOS Math Coprocessor 


DISTINCTIVE CHARACTERISTICS 

™@ High-performance CMOS process yields 
10-MHz and 12-MHz speed grades 

@ Available In space-saving 44-pin PLCC as well 
as 40-pin DIP 

@ 80-bit numeric accelerator for 80C286- and 
80286-based systems 


m@ Compatible with IEEE floating-point standard 
754 


GENERAL DESCRIPTION 


The AMD 80C287 math coprocessor is implemented in 
AMD's advanced static CMOS process that allows for 
significantly higher speeds at a much lower power 
dissipation than traditional NMOS versions or standard 
CMOS. The AMD 80C287 math coprocessor is a high- 
performance arithmetic processor that expands the 
80C286 instruction set with floating-point instructions 


BLOCK DIAGRAM 
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Advanced 
Micro 
Devices 


m Static CMOS design does not require a 
minimum clock rate, resulting In significantly 
lower power dissipation 


@ Performs single-, double-, and extended- 
precision floating-point, as well as word, short, 
and long Integer and 18-digit BCD conversions 


m@ Adds trigonometric, logarithmic, exponential, 
and arithmetic instructions to the 80C286 
instruction set 


including transcendentals, and integer and BCD 
conversions. The floating-point operations comply with 
the IEEE Standard 754. The device is available in 10- 
and 12-MHz speed grades and is provided in 44-pin 
PLCC and 40-pin DIP packages. When coupled with the 
80C286, the AMD 80C287 math coprocessor provides 
a complete solution for high-performance numeric 
processing applications. 


Numeric Execution Unit 


Exponent 


Arithmetic 
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CONNECTION DIAGRAM 


Plastic DIP 
(PD 040) 





Note: N/C pins should not be connected. Pin 1 is marked for orientation. 


PIN DESCRIPTION 


BUSY 
Busy Status (Output; Active Low) 


A Low level indicates that the AMD 80C287 math 
coprocessor is currently executing a command. 


CKM 

Clock Mode Signal (Input) 

When CKM is High, the CLK is used directly. When CKM 
is Low, CLK is divided by three. This input must be either 
High or Low 20-CLK cycles before RESET goes Low. 


CLK 

Clock (Input) 

Provides timing for AMD 80C287 math coprocessor 
operations. 


CMD1, CMDO 
Command Lines (inputs) 


CMD, and CMD,, along with select inputs, allow the 
CPU to direct the AMD 80C287 math coprocessor 
operations. These inputs are timed relative to the read 
and write strobes. 


D15—D0 
Data (Inputs/Outputs) 


Bi-directional data bus. These inputs are timed relative 
to the read and write strobes. 
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PLCC 
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D12 37 [0 NPS2 
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D111 3310 N/C 
D10 32 7) CMDO 
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D9 30 (7 NPRD 
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ERROR 


Error Status (Output; Active Low) 


Reflects the error summary status bit of the status word. 
A Low level indicates that an unmasked exception 
condition exists. 


NPRD 

Numeric Processor Read (Input; Active Low) 

A Low level enables transfer of data from the AMD 
80C287 math coprocessor. This input may be asyn- 
chronous to the AMD 80C287 clock. 


NPS1, NPS2 

Numeric Processor Selects (Inputs) 

Indicates the CPU is transferring data to and from the 
AMD 80C287 math coprocessor. Asserting both 
signals (NPS1 Low and NPS2 High) enables the AMD 
80C287 math coprocessor to transfer floating-point 
data or instructions. No data transfers involving the 
AMD 80C287 math coprocessor will occur unless the 
AMD 80C287 math coprocessor is selected via NPS1 
and NPS2. These inputs are timed relative to the read 
and write strobes. 

NPWR 

Numeric Processor Write (input; Active Low) 

A Low level enables transfer of data to the AMD 80C287 
math coprocessor. This input may be asynchronous to 
the AMD 80C287 clock. 


AMD 80C287 Math Coprocessor 
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PEACK 

Processor Extension Acknowledge 

(Input; Active Low) 

A Low level indicates that the request signal (PEREQ) 
has been recognized. PEACK causes the request 
(PEREQ) to be withdrawn when no more transfers are 
required. PEACK may be asynchronous to the AMD 
80C287 clock. 


PEREQ 
Processor Extension Request (Output) 


A High level indicates that the AMD 80C287 math 
coprocessor is ready to transfer data. PEREQ will be 
disabled upon assertion of PEACK or upon actual data 
transfer, whichever occurs first, when no more transfers 
are required. 


ORDERING INFORMATION 
Commodity Products 
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RESET 

System Reset (input) 

Reset causes the AMD 80C287 math coprocessor to 
immediately terminate its present activity and enter a 
dormant state. Reset must be High for more than four 
CLK cycles. For proper initialization the High-Low 
transition must occur no sooner than 50 ps after Voc 
and CLK meet their DC and AC specifications. 


Voc 

+5 V Supply (Input) 

Ves 

System Ground (input) 

Both pins must be connected to ground. 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is formed by a 


combination of the elements below. 


N AMD 80C287 -10 


= SPEED OPTION 





Valid Combination 
AMD 80C287 —12 
AMD 80C287 -10 






AMD 80C287 Math Coprocessor 


—12 = 12.5 MHz 
~10 = 10 MHz 


DEVICE NUMBER/DESCRIPTION 
AMD 800287 
80-Bit CMOS Math Coprocessor 


PACKAGE TYPE 
N «= 44-pin Plastic Leaded Chip Carrier (PL 044) 
P = 40-pin Plastic DIP (PD 040) 


TEMPERATURE RANGE 
Blank = Commercial (T, = 0°C to 70°C) 


Valid Combination 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations and to check on newly released valid 
combinations. 
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SIMPLIFIED FUNCTIONAL DESCRIPTION 


The AMD 80C287 math coprocessor is internally 
divided into two basic processing units; the numeric 
execution unit, and the bus interface unit as shown in 
the block diagram. The numeric execution unit performs 
numeric instructions. The bus interface unit receives 
and decodes instructions, executes processor control 
instructions, and requests operands transfers to and 
from memory. The 80C286 may execute non-numeric 
instruction concurrently with numeric instruction 
executed on the AMD 80C287 math coprocessor. 
Synchronization and error recognition occurs when the 
next numeric instruction is decoded by the 80C286. 


The Numeric Execution Unit 

The numeric execution data path is 80 bits wide. All 
operands are converted to the internal 80-bit format 
before use. These instructions include arithmetic, trans- 
cendental, constant, and data transfer instructions. 


The Bus Interface Unit 

The bus interface unit decodes the ESC instruction 
executed by the 80C286. The signal BUSY is activated 
for the 80C286/AMD 80C287 synchronization and the 
signal ERROR is activated for error detection. BUSY is 
activated when an instruction is transferred and de- 
activated when the instruction completes. ERROR will 
be asserted if an error has occurred when BUSY is 
deactivated. 
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The signals PEREQ, PEACK, NPRD, NPWR, NPS7, 
CMDO, CMD1, and NPS2 control data transfers 
between the AMD 80C287 math coprocessor and the 
80C286. The 80C286 performs the actual data transfer 
with memory. 


The Register Stack 

The register stack contains eight 80-bit data registers, 
organized as a push down stack. Operations are per- 
formed on the stack top, between the stack top and 
another register, or between the stack top and memory. 


System Configuration with 80C286 

A simplified block diagram of the AMD 80C287 interface 
to a 80C286 CPU is shown in Figure 1. The AMD 
80C287 math coprocessor can operate concurrent 
with the host CPU. The signals PEREQ, PEACK, BUSY, 
NPRD, NPWR, CMDO, and CMD1 allow the AMD 
80C287 math coprocessor to receive instructions and 
data from the 80C286. Detection of errors are indicated 
to the CPU by asserting the signal ERROR. The address 
decode logic, bus control and timing logic are shown in 
this implementation using AMD PAL® devices but may 
also be accomplished using standard chip sets. 


The AMD 80C287 math coprocessor operates either 
directly from the CPU clock or with a dedicated clock. 
The AMD 80C287 math coprocessor functions at two- 
thirds the frequency of the 80C286 when operating with 
the CPU clock (i.e., for a 16-MHz 80C286, the 32-MHz 
clock is divided down to 10.6 MHz). 


AMD 80C287 Math Coprocessor 
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Figure 1. The 80C286/AMD 80C287 Simplified System Configuration 
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ELECTRICAL AND SWITCHING CHARACTERISTICS 


Absolute Maximum Ratings 


Storage Temperature ................sssccesseers —65 to +150° C 
Ambient Temperature Under Bias......... —55 to +125° C 
Supply Voltage to Ground Potential 

CONTINUOUS. .............ccececccecesessereeeeceees -1.0to +7.0V 
DC Voltage Applied to Outputs 

for High Output State ............ -0.3 V to+V,, +0.3V 
DC Input Voltage ................ccsssssreeeees —0.3 to V,, +0.3 V 
DC Output Current, into Low Outputs ................. 30 mA 
DC Input Current................cccesssssceeseeees -10 to +10 mA 
Power Dissipation (Ma&x.) ...........:sccsssssseessreeesssrees 0.5W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect devices 
reliability. 


Operating Ranges 


Commercial (C) Devices 
Temperature, Ambient (T,)............sese0 0 to +70°C 
(also meets 0 to 100°C Case Temperature (T,) 
for laptop requirements) 
Supply Voltage (Vip) ...sescesessessseresesees +4.5 to +5.5 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 





DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, Subgroups 1, 2, 


3 are tested unless otherwise noted). 


Parameter 
Description 


Vou Output High Voltage 


Parameter 
Symbol 


Output Low Voltage 


Vi Guaranteed Input Logical 
High Voltage (see note below) 


vi Guaranteed Input Logical 
Low Voltage (see note below) 


Clock Input High Voltage 
CKM = 1 


CKM =0 





Clock Input Low Voltage 
CKM = 1 
CKM = 0 


Input Leakage Current 






cc 


les Off-State (High Impedance) 
Output Current 


aay Off-State (High Impedance) 
Output Current 


Power Supply Current, Operating 


Voc = Min. en = -0.4mA 
Vin = Vi or Vir 


Voc = Min. 
Vin a Vi. or Vin 


OV<V, SV. 


P| | fee ee | ey | ee 
< < 


Voc ® Max, Vo = 2.4V 


Veg = Max, V, = 0.45 V 


Test Conditions Unit 


< 


+t < 
© 





0.8 
0.6 


Veo ™ Max 


Outputs Unloaded 


Lice Power Supply Current, Static 


Veg = Max, Viy— Vo, or GND, I, = 0 pA 20 mA 


g 
° 
3 
> 
+ 
on 
= 
pe a 
N 


Note: These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment (not 


functionally tested). 
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SWITCHING CHARACTERISTICS over commercial operating range 











| AMD 80C287-10| AMD 80C287-12 

cc 10} fo | 
CKM = 1 ns 
| CKM=o) 8 | ds 
CKM = 1 ns 
P| CKM=0) tt dts 

3 | ClockHighTime CC 
Pp CKM=d ts 
[OMIA SO ec ee ef ee 
4 | CockRiseTime Ct 8s 
5 | ClckFallTime CC Ct 8s 
6 | DataSetuptoNPWRinactive = CT TE | ts 
7_| DataHoldfromNPWRinactive = | | | tT ts 
8 NPWR, NPRD Active Time | 90 | | 70 | | os 
| command Vald Soup Tine 
10 PEREQ Active to NPRD Active | 100 | | 80 | | os 
11 PEACK Active Time | 60 | | so {| | ns 
12_| PEACKinactiveTime = C“‘“‘;CC* CO | S| tc | ss 
13_|__PEACKInactivetoNPRD,NPWRinactve == | 4 | | 82 | ns 
14_| NPRD,NPWRinactivetoPEACKActve =“ | | 80 | | 30 | ns 
15_| Command ValidHoldTime Ss CC‘ | | th | ss 
16_| _PEACKActiveSetuptoNPRD,NPWR ss C“‘CC‘L( 4o:CT =U] 30 S| Sdn 
17_| NPRD,NPWRtocLKSetup = CC | CT 4 | 
18_| NPRO.NPWACLKHod CCT Cl | ts 
19 | RESETtoCLKSetup ss C—“‘“é‘*sL 2OC*dCUT 20 | ts 
20 | RESETfromCLKHold CT | | | ss 
21_| NPRDinactivetoDataFloat = CT Ct | ts 
22 | NPRDActivetoDataVvaid =F | CC | 50 | ss 
23 | ERRORActivetoBUSYInactive == sss“ CC} |S | 100: || | nss 
24 | NPWRActivetoBUSYActve = CT to | | 80 | ts 
25_| PEACKActivetoPEREQ Inactive =s_s§s s§ ($s | S| 10 | 80s 
26 NPRD, NPWR Active to PEREQ Inactive | too | =f 80 «| Yn 

27 Command Inactive Time iat. tat a 
Write to Write 75 ns 
| _ReadtoRead ee —“‘(‘a; Stl ts 
| WritetoRead CC td TC ts 
| ReadtoWrite CC ts 
3a | Data Hod trom Tine NFRD eae 3 Pt 
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SWITCHING WAVEFORMS 
AC Drive and Measurement Points—CLK Input 








3.6 V CKM =0 
2.0 V CKM = 1 











2.0 V CKM = 1 


1.0 V CKM = 1 
0.8 V CKM = 1 

















11959A-004 
AC Setup, Hold and Delay Time Measurement—Generali 
4.0 VCKM=0 3.6 V CKM =0 
2.4 V CKM = 1 20VCKM=1 3.6 V CKM =0 
Clik 2.0 V CKM = 1 
input 1.0 VCKM=0 |/ 7 
04s VCKM a0 10V CKM = 0 
0.45 V CKM = 1 
2.4V 

Other 

Device 

Output 

0.45 V 
Device 
Output 
11959A-005 
AC Test Loading on Outputs 
Device 
Output | 
L : 
11959A-006 
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Read Timing from AMD 80C287 Math Coprocessor 


poeta CN iY 
NPSi,NPS2 


No 21 


22 28 


/ : 
D15-Do CCEEEX Data Out Valid | 
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Write Timing from AMD 80C287 Math Coprocessor 


CMDO, CMD1 
NPSi,NPS2 





15 


NPWR 


6 7 
1 
a Data May Change | OX Data Invalid .X Data May Change 
24 


BUSY f 


11959A-008 
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Data Channel Timing (Initiated by AMD 80C287 Math Coprocessor) 


CMDO, CMD1 
NPST,NPS2 
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Error Output Timing 


23——_> 


11959A-010 





CLK, Reset Timing (CKM = 1) 


| 01 | o2 | Of | o2 







CLK(IF CKM = 1) 


RESET 


NOTE: Reset, NPWR, NPRD are inputs asynchronous to CLK. Timing requirements above are given for testing 
purposes only, to assure recognition at a specific CLK edge. 


11959A-011 
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CLK, NPRD, NPWR TIMING (CKM = 1) 


CLK(IF CKM = 1) 





NPRD, NPWR 
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CLK, RESET TIMING (CKM = 0) 


Phase Indeterminate 02 01 02 01 
CLK(IF CKM = 1) 





RESET 


NOTE: Reset must meet timing shown to guarantee known phase of internal + 3 circuit. 
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CLK, NPRD, NPWR TIMING (CKM = 0) 






CLK(IF CKM = 1) 


18 17 
NPRD, NPWR Mn yA 
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AMD 80EC287™ 


Enhanced 80-Bit CMOS Math Coprocessor 


DISTINCTIVE CHARACTERISTICS 


¢« Pin compatible and functionally equivalent to 
the Intel 80287 


- High-performance CMOS process yields 
10-, and 12-MHz speed grades 


¢ Enhanced sleep feature automatically shuts off 
the internal clock when no instruction is 
executing, reducing power consumption. This 
feature is transparent to the user 


¢ Available in space-saving 44-pin PLCC as well 
as 40-pin DIP 


« 80-bit numeric accelerator for 80C286- and 
80286-based systems 


GENERAL DESCRIPTION 

The AMD 80EC287 processor is implemented in AMD’s 
advanced static CMOS process that allows for 
significantly higher speeds at a much lower power 
dissipation than traditional NMOS versions or standard 
CMOS. The AMD 80EC287 processor is a high- 
performance arithmetic processor that expands the 
80C286 instruction set with floating-point instructions 
including transcendentals, and integer and BCD 
conversions. The AMD 80EC287 processor is 
functionally equivalent to the Intel 80287 and AMD 
80C287 math coprocessor plus adds a low-power sleep 


BLOCK DIAGRAM Instruction 
Bus Interface Unit 
Address 
Control 
Word 


D 
| 
t Word 
Data a Tag Word 
B 
u 
Address f 
f 
Control e 
: 16 
Ss 


A 11959-001A 
<= 80 Bits 
1-522 Publication: 11959 Rev.D Amendment /0 
Issue Date: December 1991 


cl 


Advanced 
Micro 
Devices 


¢ Compatible with IEEE floating point 
Standard 754 


« Static CMOS design does not require a 
minimum clock rate, resulting in significantly 
lower power dissipation 


¢ Performs single-, double-, and extended- 
precision floating point, as well as word, short, 
and long integer and 18-digit BCD conversions 


¢ Adds trigonometric, logarithmic, exponential, 
and arithmetic instructions to the 80C286 
instruction set 


feature for battery powered applications. This enhanced 
AMD 80EC287 processor can be a direct replacement 
for an AMD 80C287 processor. The sleep feature is an 
automatic inherent feature of the device and thus 
requires no external entry. The floating point operations 
comply with the IEEE Standard 754. The device is 
available in 10- and 12-MHz speed grades and is 
provided in 44-pin PLCC and 40-pin DIP packages. 
When coupled with the 80C286, the AMD 80EC287 
processor provides a complete solution for high- 
performance numeric processing applications. 


Numeric Execution Unit 


Exponent 


Shifter 


Arithmetic 
L Unit 


Register 
Stack 





ay 
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CONNECTION DIAGRAMS 


Plastic DIP 
(PD 040) 





Notes: N/C pins should not be conntected. 
Pin 1 is marked for orientation 


PIN DESCRIPTION 


BUSY 
Busy Status (Output; Active Low) 


A Low level indicates that the AMD 80EC287 math 
coprocessor is currently executing a command. 


CKM 
Clock Mode Signal (input) 
When CKM is High, the CLK is used directly. When CKM is 


Low, CLK is divided by three. This input must be either High or 
Low 20-CLK cycles before RESET goes Low. 


CLK 
Clock (Input) 


Provides timing for AMD 80EC287 math coprocessor 
operations. 


CMD1, CMDO 
Command Lines (Inputs) 
CMD1 and CMDO, along with select inputs, allow the CPU to 


direct the AMD 80EC287 math coprocessor operations. 
These inputs are timed relative to the read and write strobes. 


D15-D0 
Data (inputs/Outputs) 


Bi-directional data bus. These inputs are timed relative to the 
read and write strobes. 
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ERROR 
Error Status (Output; Active Low) 


Reflects the error summary status bit of the status word. A 
Low level indicates that an unmasked exception condition 
exists. 


NPRD 
Numeric Processor Read (Input; Active Low) 


A Low level enables transfer of data from the AMD 80EC287 
math coprocessor. This input may be asyn-chronous to the 
AMD 80EC287 clock. 


NPS, NPS2 
Numeric Processor Selects (inputs) 


Indicates the CPU is transferring data to and from the AMD 
80EC287 math coprocessor. Asserting both signals (NPS1 
Low and NPS2 High) enables the AMD 80EC287 math 
coprocessor to transfer floating-point data or instructions. No 
data transfers involving the AMD 80EC287 math coprocessor 
will occur unless the AMD 80EC287 math coprocessor is 
selected via NPS1 and NPS2. These inputs are timed relative 
to the read and write strobes. 


NPWR 
Numeric Processor Write (Input; Active Low) 


A Low level enables transfer of data to the AMD 80EC287 
math coprocessor. This input may be asynchronous to the 
AMD 80EC287 clock. 
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PEACK 

Processor Extension Acknowledge 

(Input; Active Low) 

A Low level indicates that the request signal (PEREQ) has 
been recognized. PEACK causes the request (PEREQ) to be 


withdrawn when no more transfers are required. PEACK may 
be asynchronous to the AMD 80EC287 clock. 


PEREQ 
Processor Extension Request (Output) 


A High level indicates that the AMD 80EC287 math 
coprocessor is ready to transfer data. PEREQ will be disabled 
upon assertion of PEACK or upon actual data transfer, 
whichever occurs first, when no more transfers are required. 


ORDERING INFORMATION 
Commodity Products 


RESET 

System Reset (Input) 

Reset causes the AMD 80EC287 math coprocessor to 
immediately terminate its present activity and enter a dormant 


state. Reset must be High for more than four CLK cycles. For 
proper initialization the High-Low transition must occur no 


sooner than 50 ps after Voc and CLK meet their DC and AC 
specifications. 


Veo 

+5 V Supply (Input) 

Veg 

System Ground (Input) 

Both pins must be connected to ground. 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is formed by a 


combination of the elements below. 


N AMD 80EC287 -10 


Le. SPEED OPTION 


Valid Combination 


AMD 80EC287 —12 
AMD 80EC287 -10 





—12 = 12.5 MHz 
—-10 = 10 MHz 


DEVICE NUMBER/DESCRIPTION 
AMD 80EC287 
Enhanced 80-Bit CMOS Numeric Coprocessor 


PACKAGE TYPE 
N = 44-pin Plastic Leaded Chip Carrier (PL 044) 
P = 40-pin Plastic DIP (PD 040) 


TEMPERATURE RANGE 
Blank = Commercial (T, = 0°C to 70°C) 


Valid Combination 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations and to check on newly released valid 
combinations. 
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SIMPLIFIED FUNCTIONAL DESCRIPTION 


The AMD 80EC287 numeric processor is internally 
divided into two basic processing units: the numeric 
execution unit, and the bus interface unit as shown in 
the block diagram. The numeric execution unit performs 
numeric instructions. The bus interface unit receives 
and decodes instructions, executes processor control 
instructions, and requests operands transfers to and 
from memory. The 80C286 may execute non-numeric 
instruction concurrently with numeric instruction 
executed on the AMD 80EC287 processor. 
Synchronization and error recognition occurs when the 
next numeric instruction is decoded by the 80C286. 


The Numeric Execution Unit 

The numeric execution data path is 80-bits wide. All 
operands are converted to the internal 80-bit format 
before use. These instructions include arithmetic, trans- 
cendental, constant, and data transfer instructions. 


The Bus Interface Unit 

The Bus Interface Unit decodes the ESC instruction 
executed by the 80C286. The signal BUSY is activated 
for AMD 80C286/80EC287 processor synchronization 
and the signal ERROR is activated for error detection. 
BUSY is activated when an instruction is transferred and 
deactivated when the instruction completes. ERROR 
will be asserted if an error has occurred when BUSY is 
deactivated. 


The signals PEREQ, PEACK, NPRD, NPWR, NPS1, 
CMDO, CMD1, and NPS2 control data transfers 
between the AMD 80EC287 processor and the 80C286. 
The 80C286 performs the actual data transfer with 
memory. 














AMD 80EC287 Processor 


The Register Stack 

The register stack contains eight 80-bit data registers, 
organized as a push down stack. Operations are 
performed on the stack top, between the stack top and 
another register, or between the stack top and memory. 


System Configuration with 80C286 

A simplified block diagram of the AMD 80EC287 
processor interface to a 80C286 CPU is shown in 
Figure 1. The AMD 80EC287 processor can operate 
concurrently with the host CPU. The signals PEREQ, 
PEACK, BUSY, NPRD, NPWR, CMDO, and CMD1 allow 
the AMD 80EC287 processor to receive instructions 
and data from the 80C286. Detection of errors are 
indicated to the CPU by asserting the signal ERROR. 
The address decode logic, bus control and timing logic 
is shown in this implementation using AMD PAL® 
devices but may also be accomplished using standard 
chip sets. 











The AMD 80EC287 processor operates either directly 
from the CPU clock or with a dedicated clock. The AMD 
80EC287 processor functions at two-thirds the 
frequency of the 80C286 when operating with the CPU 
Clock (i.e., for a 16-MHz 80C286, the 32-MHz clock is 
divided down to 10.6 MHz). 


Sleep Feature 

The AMD 80EC287 processor clock runs only while an 
instruction is executing. The internal clock shuts itself 
off when no instruction is executing, thus reducing 
power consumption. This feature is completely 
transparent to the user and requires no external circuitry 
or design interface. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .................:cssessseseeeees —65°C to +150° C 
Ambient Temperature Under Bias .............. —55°C to +125° C 
Supply Voltage to Ground Potential 

COntinUOUS 33 cccscisecetecsdesastdsciodsncarkaceesesenst -1.0to +7.0V 
DC Voltage Applied to Outputs 

for High Output State... -0.3 V to + V,, +0.3 V 
DG: lnput Voltage ys. 0 cis corerrce areca: -0.3 to V,,, +0.3 V 
DC Output Current, into Low Outputs ........ eee 30 mA 
DC Input Current .......... ccc csecccceeeesssreteeeeeeeeees -10 to +10 mA 
Power Dissipation (Max) .............:ccccsseccsecesereeceeeseeeeeneees 0.5 W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect devices 
reliability. 
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OPERATING RANGES 


Commercial (C) Devices 
Temperature, Ambient (T,) ........sceeeeeeseeees 0°C to +70°C 
(also meets 0 to 100°C Case Temperature (T,) for 
laptop requirements) 
Supply Voltage (Vig) wsseescssstsesseseeeeees +45 to +5.5V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter Parameter 
Symbol Description Test Conditions Unit 
Vou Output High Voltage Voc = Min low = 0.4 mA 2.4 V 
Vin = Vin OF Vig 
VoL Output Low Voltage Voc = Min lb = 3 MA 0.45 
Vin = Vir OF Vig 
Vin Guaranteed Input Logical 2.0 Voc V 
High Voltage (Note 1) +0.5 
Vie Guaranteed Input Logical V 
Low Voltage (Note 1) 
Vic Clock Input High Voltage 
CKM = 1 Veo | V 
+1.0 
CKM = 0 Voc V 
Vic Clock Input Low Voltage 


CKM = 1 
CKM = 0 





ul Input Leakage Current OV<V 
ozH Off-State (High Impedance) Voc = Max, V, = 2.4 V 
Output Current 


i 

° 
2 = 
> 


BA 
°o 
= 
> 


2° BA 
<< 


loz. Off-State (High Impedance) Voc = Max, V, = 0.45 V pA 
Output Current 
lade Power Supply Current, Veg = Max, V,.- V,, or GND, |= 0 HA 20 mA 
Static 
lees Supply Current, operating Veg = Max 10 mA + 5 mA/MHz 
Outputs Unloaded (Note 2) 


Icc,,, Power Supply Current, Sleep Mode | V 


= Max Outputs Unloaded 


| 
c?) 


10 mA + 1 mA/MHz 


Notes: 1. These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment (not functionally 


tested). 
2. This reduces to | 


AMD 80EC287 Processor 


ccsm When no instruction is executing, reducing overall power consumption. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range 


No. 


—_, 


ie) 


KR 


oO} 0] O10 

MI O| SI ANIA 

919/ 9) Sie 

DP) mp} ay] HH 

2) 9) 5] O/- 

Ci = 

Oo @© 

Oo) 315. 
1d 


ao; on 


10 


14 
12 
13 


14 


15 


18 
19 
20 
21 


22 
23 
24 
25 
26 


2/7 


28 


1-528 
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NPRD, NPWR CLK Hold 
RESET to CLK Setup 
RESET from CLK Hold 
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NPWR, Active to 
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Test Conditions 
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SWITCHING WAVEFORMS 


CKM = 1 


0.45 V CKM = 0 
0.45 V CKM = 1 





3.6 V CKM = 0 
2.0 V CKM = 1 
1.0 V CKM = 0 
0.8 V CKM = 1 
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1.0 V CKM = 0 
0.8 V CKM = 1 





AC Drive and Measurement Points—CLK Input 


CLK 4.0 VCKM=0 
Input 2.4 V CKM = 1 


0.45 V CKM = 0 
0.45 V CKM = 1 


Other 
Device Input 





3.6 V CKM = 0 


3.6 V CKM =0 
2.0 V CKM = 1 


2.0 V CKM = 1 


1.0 V CKM =0 


1.0 VCKM =0 
0.8 V CKM = 1 


0.8 V CKM = 1 


SETUP 
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AC Setup, Hold and Delay Time Measurement—General 
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Output | 





AC Test Loading on Outputs 
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SWITCHING WAVEFORMS (continued) 
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CMDO, CMD1 
NPS1, NPS2 


NPRD 
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Read Timing from AMD 80EC287 Processor 













CMDO, CMD1 
NPS1, NPS2 


NPWR 


6 |<t-7 


D1i5-D0 Data May Change a: Data In Valid 4% Data May Change 
24 


BUSY f 


Write Timing from AMD 80EC287 Processor 
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CMDO, CMD1 — 
NPS1, NPS2 — 


NPRD » NPWR 





Data Channel Timing (Initiated by AMD 80EC287 Processor) 
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Error Output Timing 


CLK 
(If CKM = 1) 


RESET 





CLK, Reset Timing (CKM = 1) 11959-007 


Note: Reset, NPWR, NPRD are inputs asynchronous to CLK. Timing requirements above are given for testing 
purposes only to assure recognition at a specific CLK edge. 
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SWITCHING WAVEFORMS (continued) 


CLK 
(If CKM = 1 


) 18> 17> 
NPRD, MMA LD 


NPWR 





CLK, NPRD, NPWR Timing (CKM = 1) 


Phase Indeterminate 
CLK 





CLK, RESET Timing (CKM = 0) 


Note: Reset must meet timing shown to guarantee known phase of internal + 3 circuit. 
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CLK, NPRD, NPWR Timing (CKM = 0) 
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THERMAL CHARACTERISTICS 








Area — Power"? @ja® jc? 
Device Package Process (KSq Mils) (mW) (°C/W) (°C/W) 
Am386DX PGA132 CMOS 74.0 2750 21 2 
Am386SX PQ100 CMOS 74.0 1250 45 11 
PQB100 CMOS 74.0 1250 
Am386DXL PGA132 CMOS 74.0 2000 21 2 
PQ132 CMOS 74.0 2000 40 10 
PQB132 CMOS 74.0 2000 
Am386SXL PQ100 CMOS 74.0 1250 45 11 
PQBi00 CMOS 74.0 1250 45 11 
Am386DXLV PQ132 CMOS 14.0 446 41 9 
PQB132 CMOS 74.0 446 41 9 
Am386SXLV PQ100 CMOS 74.0 413 45 11 
PQB100 CMOS 74.0 413 45 11 
Am286ZX/LX PQ216 CMOS 247.0 1625 25 
80286 CA2068 NMOS 8.0 3000 31 8 
CGX068 NMOS 98.0 3000 37 2 
80C286 CA2068 CMOS 101.4 1980 38 4 
PL 068 CMOS 101.4 1980 33 
80L286 PL 068 NMOS 98.0 2250 34 
8086 CD 040 NMOS 52.9 1700 32 7 
PD 040 NMOS 52.9 1700 44 
CL 040 NMOS 52.9 1700 47 
8088 CD 040 NMOS 36.1 1700 34 7 
PD 040 NMOS 36.1 1700 44 
CL 040 NMOS 36.1 1700 47 
AMD 80C287 CD 040 CMOS 82.5 600 30 5 
PL 044 CMOS 82.5 600 40 
PD 040 CMOS 82.5 600 38 
AMD 80EC287 CD 040 CMOS 82.5 600 30 5 
PL 044 CMOS 82.5 600 40 
PD 040 CMOS 82.5 600 38 


1. Power is the highest |,, over the temperature times the nominal power supply voltage. 
2. Power measured at highest possible clock frequency. Power for AM386DXLV and Am386SXLV microprocessors 
are at 3.3 V nominal supply voltage. 
3. Oja and Ojc values were estimated by extrapolating measured data. Values are to be 
considered as typical for the device. 
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HIGH DENSITY PACKAGING 


Manufacturing demands for higher board density and 
more cost effective systems, along with advances in 
micron and sub-micron technology, have made inte- 
grated circuits smaller, denser, and more complex. Con- 
sequently, more input/output (I/O) connections are 
required in the IC package than can be accommodated 
in traditional Dual-In-Line (DIP) and Plastic Leaded Chip 
Carrier (PLCC) packages. 


AMD, in keeping pace with the increased complexity 
of ICs, has developed a family of fine pitch Plastic 
Quad Flat Pack (PQFP) packages; a reliable, high- 
density, low-cost, plastic package for high-lead count 
applications. 


To facilitate the handling and testing of the fine pitch 
leads and preserve their formation and mechanical 
integrity, AMD has adopted the industry standard 
TapePak® package configuration and has applied it to 
all high pin count PQFP packages. 


The TapePak Format 


TapePak is a plastic ring formed around the perimeter of 
the PQFP’s coplanar leads. It is molded at the same 
time as the package body, securing the lead frame in 


place and providing mechanical stability and lead pro- 
tection during the manufacturing process. This configu- 
ration offers significant benefits, helping meet the 
challenges for testability and board assembly automa- 
tion. With TapePak, board yields are increased by im- 
proved lead coplanarity, reduction in bent leads, and 
superior ESD protection. 


TAPEPAK CONFIGURATION BENEFITS 
Testability 


The TapePak configuration provides extensions to the 
package leads, spanning them out to the perimeter of 
the TapePak ring. Using these as electrical contact 
points in test and burn-in operations preserves the ac- 
tual package leads, virtually eliminating lead coplanarity 
and bent lead problems. Components remain in the 
TapePak format up to the point of board assembly. 
Chart number 1, based on actual data from a 60 piece 
sample, compares AMD’s TapePak PQFP flow to that of 
another company’s trimmed PQFP flow. AMD’s lead 
coplanarity falls well within the industry standard specifi- 
cations of 4.0 mil with a tight standard deviation. 
Comparatively the competition’s coplanarity is higher, 


resulting in a 15% yield loss. 


AMD’s TapePak 
PQFP Flow 












Frequency 


Cpk = Process capability index 
x = Average 
s = Standard deviation 


100-Id, 25-mil pitch 
6-mil thick copper leadframe 
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PQFP Flow 
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6-mil thick copper leadframe 
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The TapePak lead extensions are standardized at an 
outside lead-pitch of 0.65 mm, which is compatible with 
existing automatic test equipment. With this standardi- 
zation, only two socket sizes are required for AMD’s 
entire family of TapePak PQFPs: a 36 mm ring size and 
a 46 mm size. 


Standardized Socket Tooling 


AMD has taken a leadership role, working with major 
socket manufacturers, to develop a TapePak compat- 
ible family of industry-standard test and burn-in sockets. 


The socket is designed with an open-top, eliminating lid 
clearance problems during automated burn-in board 
loading. Curved socket leads provide the spring pres- 
sure necessary to hold the package in place, and the 
serrated edges of the socket leads scrub the package 
test-points, removing any oxidation and facilitating good 
electric contact. Having the test contact points along the 
perimeter of the ring eliminates the need for expensive 
pogo pins. The socket contacts splay the narrower 
package lead-pitch out to three rows of pins to allow 
connection to a through-hole pattern on the board. 


Surface Mount Compatibility 


The TapePak design offers all the benefits of surface- 
mount technology. With only the addition of a trim- 


Seeeanaman gers bi ate rine sempre SYP Se EAT EOE aig ramet te that a eae 


AMD ct 


and-form station, TapePak is fully compatible with exist- 
ing high-speed, high-precision surface mount equip- 
ment. Trim-and-form equipment is readily available to 
excise the package, form the leads, and present it to a 
pick-and-place head for placement onto the circuit 
board. (For a list of pick-and-place equipment suppliers 
with TapePak trim-and form capability and available 
suppliers of trim-and-form feeders contact your local 
AMD sales representative). The trim-and-form specifi- 
cation can be based on the AMD standard 1.6 mm lead 
length, 1.95 mm lead length or any other specification 
desired. AMD’s PQFP trim-and-form standards are out- 
lined in Table 1. 


Trim-and-form feeders are available for a variety of 
TapePak packaging methods, including coin stack 
tubes, flat tubes, or AMMO-Pak formats. In coin stack 
tubes, the PQFP/TapePak packages are stacked verti- 
Cally, in flat tubes the parts are laid end -to-end. AMMO- 
Pak presents the parts to the trim-and-form station in the 
form of a taped belt, without a tube. The device quanti- 
ties per carrier type and box are presented in Table 2. 


Multi-tube, random access trim-and-form systems can 
be programmed to process several different leadcount 
packages within a ring size. And, with only minor modifi- 
cations, automatic gravity-fed PLCC test handlers and 
markers can be made compatible with TapePak parts in 
flat tubes. 


Table 1. PQFP Trim-and-Form Standards 


Package Lead 
Package Lead Stand-Off Length Bent 
Type Count (Nominal) (Nominal) Coplanarity Leads 
JEDEC 48-144 0.35 mm 1.6mm 0.10 mm 0.076 mm 
Metric (0.0138”) (0.0630”) (0.004”) (0.003”) 
168! 0.35 mm 1.6 mm 0.10 mm 0.076 mm 
(0.0138”) (0.0630”) (0.004”) (0.003”) 
216! 0.35 mm 1.6mm 0.076 mm 0.076 mm 
(0.0138”) (0.0630) (0.003”) (0.003”) 
JEDEC 100 & 132 0.0130” 0.065” 0.004” 0.003” 
English 0.76 mm 1.65 mm 0.10 mm 0.076 mm 


Note 1: Not yet JEDEC registered. 
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Table 2. Device Quantities Per Carrier Type and Box 


Package Carrier Pkg. Pin Devices Per Carriers Devices 
Format Type Count Carrier per Box’ per Box 
TapePak Flat Tubes 36 mm ring 12 10 1202 
44 mm ring 10 12 1202 
Coin Tubes 36 mm ring 60 3 180 
46 mm ring 
48 pin 
80 pin 66 330 
100 pin 
Trimmed Trays 100 pin 55 275 
and Formed 120 pin 24 63 120 
132 pin 36 180 
144 pin 
168 pin 24 120 
216 pin 


Notes: 1. In all cases, PQFPs are dry packed and sealed in a dry pack bag. 
2. These represent 2K box quantities. There is double this quantity in a 4K box. 


3. The top tray is empty, serving as a cover. 





Improved Performance 


TapePak enables very high-density ICs to be packed 
smaller; one third the size of a comparable plastic chip 
carrier and one tenth of a molded DIP. This allows board 
sizing to be significantly reduced, typically 50% to 80% 
over standard PLCC and DIP layouts. Additionally, elec- 
trical performance improves because the shorter leads 
to the die reduce lead capacitance, inductance, and 
propagation delays. Thermal characteristics are also 
enhanced through the use of highly conductive, copper 
leadframe material. 


DRY PACK PROTECTION 


When high pin-count PQFPs are soldered directly to a 
board using conventional methods, such as vapor 
phase of infrared reflow, there is a risk of moisture-in- 
duced package cracking. These process expose the 
package body to very rapid rise to high temperatures. As 
a result, the moisture in the package vaporizes and can 
crack the package as it escapes. 


AMD has conducted extensive studies to show that the 
risk of moisture-induced package cracking does not ex- 
ist until the moisture level in the package exceeds 
0.10% by weight. Moisture in the package will increase 
or decrease with respect to the relative humidity (RH) of 
the environment in which it is present. Dry packing the 
product protects it from environmental moisture and 
keeps the package moisture level well within the safety 
zone. : 


Dry packing is accomplished by oven baking the product 
for 24 hours at 125°C to remove all package moisture. 
The baked packages are sealed under a partial vacuum 
in a moisture barrier bag with desiccant and a humidity 
indicator card. The bag interior remains at < 30% RH for 
at least a year from the date of the dry pack seal (noted 


on the dry pack seal label on the bag). After a year, the 
product only needs to be re-baked /fthe RH level inthe 
bag is >30%, as evidenced by the humidity indicator 
card. Should re-baking be necessary, a lower tempera- 
ture oven bake can be done—192 hours at 40°C and 
<5 RH—if parts remain in tubes or low-temp trays. Oth- 
erwise, parts must be removed from these containers 
and put in metal tubes prior to the 24 hour bake at 
125°C. 


AMD recommends that the parts be soldered onto 
boards within 72 hours of breaking the dry pack seal, 
given a typical factory environment of 20° to 30°C and 
50% to 70% RH. 


TapePak and TAB 


In addition to the adoption of the TapePak configuration, 
AMD is developing tape-automated bonding (TAB) for 
very high-lead count devices requiring finer pitch /O 
connections (0.1 to 0.5 mm). Bond pads on the die are 
directly connected to copper foil traces on a polyimide- 
filmed polymer tape. The polyimid film holds the individ- 
ual traces in place, allowing lead-pitch to be very small. 
The copper traces are then bonded directly to the 
leadframe, as inthe PQFP, orto aboard. This combina- 
tion of TAB and TapePak provides the highest density 
plastic package available in the market today. 


Standardization 


TapePak was registered with the Joint Electronic De- 
vice Engineering Council (JEDEC) in 1987, for me- 
chanical standardization. AMD is participating in the 
JEDEC and Electronic Industries Association of Japan 
(EIAJ) packaging committees to promote the TapePak 
configuration as an industry standard. 
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Availability packages from 48 to 216 leads. As TAB is implemented, 


higher density PQFPs will be introduced in TapePak. 
AMD is adopting the TapePak configuration for the en- iprerceney Orr Ss wiluemlocueed 


tire family of fine pitch (0.8 mm or less) PQFPs. AMD Additional information on TapePak and TAB can be ob- 
offers both metric and English dimensioned PQFP tained through your local AMD sales representative. 


PQFP Area Sizes in TapePak 


Package Lead Pitch 
Pin Count Body Package TapePak Ring Inside Ring Outside Ring 


48 Pin 
80 Pin 14x20 mm 36 x 36 mm 
100 Pin 


0.65 mm 
100 Pin? 750 x — x 0 mt mil 
120 Pin sem x 28 mm 0.65 mm 
132 Pin? 950 x | = 950x950 mil mil 46 x 46 mm 


168 Pin? 28 x 28 mm 
216 Pin* 


Notes: 1. These PQFP packages are JEDEC metric version unless otherwise noted. 
2. This PQFP package is the JEDEC English package version, which has corner bumpers. 
3. These PQFP packages are not yet JEDEC registered. 
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The TapePak lead extensions are used for contact points in test and burn-in 
coplanarity problems. 


socket tooling, virtually eliminating lead 
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PHOTOS (continued) 








TapePak is compatible with existing pick-and-place machines with the simple addition of a trim-and-form station to 
excise the package and form the leads. 





Am386 microprocessor in a 132-pin PQFP package. 








TapePak Application Note 














PHOTOS (continued) 





TapePak enables very high-density ICs to be packaged smaller. (To left, clockwise: 48-pin plastic DIP, 84-pin PLCC, 
80-pin PQFP. 





2-10 TapePak Application Note 





SEE SEE Sea Pt 9 SSS TS ei ede wenn ett te a te ee i eS 





ET ns ae as ec reainlaaahaaamasese sas eee 





Personal Computer Microprocessors AMD Pm 
PHYSICAL DIMENSIONS 


PD 040 





140 
225 
125 
160 
{le 014 


.022 





06823D 
BC 6 
3/29/91 CD 





Physical Dimensions 2-11 





Personal Computer Microprocessors 


-160 
180 


125 
.160 





06824E 
BK 13 
10/25/91 ¢ de 





2-12 Physical Dimensions 


Personal Computer Microprocessors 








PL 044 


026 
.032 


.009 
015 





a Fenrir en nn int ia RAT Set Sot aan tte St ae AB TEA SS ees aye 





AMD cl 


.090 
.120 
.165 
.180 06752F 
BV 8 
6/9/91 cde 





Physical Dimensions 


2-13 


a. AMD Personal Computer Microprocessors 


PL 068 
020 
IN 
= .050 042 025 
REF — 





.056 






985 | 
.995 


WAAAY 


( 


a 








aa Cyt Fe Fe re re Fe Fe eg ea ee og a a eg . 
950 007 
969 —— 





985 013 .090 
.995 130 
-180 06753K 
AN 7 
12/5/89 CD 





2-14 Physical Dimensions 








Personal Computer Microprocessors 
CA 2068 


— 033 
— .039 
842 
.858 





085 
. .120 
PIN 1 ip” 
TOP VIEW 
045 
MIN = ee 020 
.070 
: 
| .940 
960 | 
| 
1 
| 
| 
l 
lee aan ‘eae mca 58 
" .790 
| 
| 
I 
| 
] 
| 
i 
" Plane 2 -——> 
| Plane 1 , 
Bottom View Index Corner Side View 


07287C 
AN 31 
3/89 CD 





Physical Dimensions 2-15 


cl AMD Personal Computer Microprocessors 


PQ 100 
(measured in inches) 















0.747 ; 
0.008 0.753 
ele 0.875 
0.885 
0.897 
0.903 
0.0060 
0.0075 
See Detail A 0.04 
SIDE VIEW 
.010 MIN 
.045 x 45° 
Chamber 
.006 
.008 
.140 
+ 005 
010R ee 70 
.020 MIN 0° <9<8° 
7° 
.065 REF 
15679F 
BX 43 
DETAIL A 10/29/91 SG 





2-16 Physical Dimensions 





Personal Computer Microprocessors 


45.87} 41.37| 3521! .900 
46.13] 41.63} BSC | NOM 


45.70) 37.87] 32.2 | .744 


BSC |} 38.43} BSC] .752 





Section CoC 


a 


PQB 100 


45.87 
46.13 45.7 


. 41.37 BSC 
41.63 37.87 

35.2 38.13 

P BSC 32.2 

.900 BSC 

NOM .744 

752 


iy ST ee ee ee ee ee ee tt 

















=a -— —---— 1 








i 
j 





oS | een ie 


GUUUUUUUUUUUUUUUUUUUUUUDUUO UU UU UU UU 


Te ee ee ee i i 








TOP VIEW 


| 2.00 4.80 


.65 Pitch .45 TYP 


Sth Lg aa SARL? soe needa CREE iene sss te eo 


AMD cl 


.010 NOM 


.025 NOM 


15680B 


BX 51 


10/29/91 SG 





Physical Dimensions 


2-17 


ct AMD 


CGX 132 








Index Corner 














IN 





©@© © © 

©OO ©© 

©oO*”9 ©© | 
©OOOF © © 

ae ©OO © © 
a 960 ©OO ©© 
©OO LOKO) 

ssc | OOO © © 
©OO © © 

©© | 

© © 

© © 

© © 

© © 





Bottom View (Pins Facing Up) 


2-18 Physical Dimensions 


Personal Computer Microprocessors 


Base Plane 


Ll 


Seating Plane 


Oo 
oa 
Lee 


Roos Bon Be Ren Ea Bea eines =i 
* wetetete DOO Jeletaget: estes Jetetetet sefeleet leletetel q 


Side View 


105 


195 


.080 
.140 


15304C 
BP 36 
4/30/91 CD 


Pent nat re cr ater iii et nite iene nape a heeanercoacenltf at atin Dae Bl menmengettte pee ge nts ceeee comes opt ant eouate “i tua pes un wevuuanene obec vate ; : : z 
ee ee tee ee nae te mete nee ee es a ee ee - a ae eee ee Ce ih ee ae! ae Se a OER RIG ew 


Personal Computer Microprocessors AMD -. 


PQ 132 
(measured in inches) 





IN 












} 
Sao} Pin 66 peding === 
| 0.947 
0.953 
: 1.075 
1.085 
0.008 1.097 
0.012 ! 1.103 
{ See Detail B PIN11.D. 4 Fes 
Pin 99 0 Fea 
Pin eae 
DDE WT 
Won ------------- anananane 
nooao nooo 
TOP VIEW 
0.0060 
0.0075 
See Detail A 0.04 
SIDE VIEW 
.010 MIN 
.045 x 45° 
Chamber 
006 5 
.008 
.140 
oe 
010R ~ * 070 008 
.020 MIN 0° < 6 < 8° 016 
| .008 
.065 012 4 wi 
REF ; 11772D 
BX 43 
DETAIL A DETAIL B 10/29/91 SG 





Physical Dimensions 2-19 


2 AMD 


45.87) 41.37] 35.2] 1.100 
46.13] 41.63} BSC} NOM 


45.70| 37.87! 32.2} .944 
BSC | 38.13] BSC | .952 





Section CoC 





Personal Computer Microprocessors 


PQB 132 (measured in inches) 








4 45.87 
46.13 45.7 
41,37 BSC 
41.63 37.87 
35.2 38.13 
BSC 32.2 
1.100 BSC 
NOM 944 


952 
( ‘OOOO OO TORO CORON OOOO OC OOOOOOOO OOOO OOOO 


Mt -~ -- --~ [It 




















a Pin 33 > ESS 

Se eR 2 a 

= oa @ eee 
2 ae 

aoa Ee A 

oS ananee se 2a 


Pin 1 1.D. 


| tae 


JUUUUUUULUU UU LULU UU UU UU UU UU 


ST 


GUUUUUUUUUUUUUU UCU UU UU UU UU UU 
C TOP VIEW 





.65 Pitch .45 TYP 


SG 


14826D 
BX 50 
10/29/91 


.010 
NOM 


.025 NOM 





2-20 


Physical Dimensions 


oy 





Personal Computer Microprocessors AMD cl 


PQJ 216 
(measured in millimeters) 


31.00 
31.40 










27.90 


31.00 


TOP VIEW 





SIDE VIEW 


14830G 
BX 45 
10/29/91 SG 





Physical Dimensions 2-21 


+ AMD Personal Computer Microprocessors 





PQR 216 
(measured in millmeters) 


45.87 
ee 
46.13 45.70 
ee) 
41.37 BSC 
41.63 37.87 
38. 
<_____._ 39.20 8.13 
BSC 32.20 
27.80 BSC 
| 28.10 | 







eT mt. 


aa 
= aeons Yoo 
ype 
= 
————— 
= 
= 
eee 

: 

= 


SiC => 








7 





45,70 | 37.87 | 32.20 
BSC 38.13 BSC 


fl 


45.87 87141 41.37 35.20 27.80 80 
46.13 41.63 63} BSC 28.10 





































oe) 











8 
550 NOM 
45 TYP. TOP VIEW 
.65 Pitch 
aug WN el 
2.00} 4.80 
_it 1.80 
65 O00 | 
| SIDE VIEW 
ae 
7° MAX 
0.13 3.20 
0.20 3.60 
10° TYP —>1 14826F 
| BX 47 





10/29/91 SG 


2-22 Physical Dimensions 





be SatN tpn Klan af SE re Coa RE NB SSL TNE in tS A RRO ESE at SPA Ey RSE ER SAE LE E  oe ge etee n cared ama gy eng jpg ie min canes ne talng? Tanaatnltntabatebel a6 Sete a were Te 


Personal Computer Microprocessors AMD al 


SUPPORT LITERATURE 


Am386 Family Literature 


Am386 Family—Better 32-Bit Microprocessors (#15946) 

OEM-targeted brochure detailing all the Am386 Family features and benefits. Includes application benchmark com- 
parisons of performance and battery life between the Am386 and Intel 386 processors and a complete AMD versus 
Intel feature comparison chart. 

Am386 Family—Choosing the Best 386-Based Computer (#16269) 

An end-user-targeted brochure containing an overview of the Am386 Family with performance and battery life bench- 
mark comparisons to the Intel 386 processors. 

40 MHz Am386DX Microprocessor Performance Summary (#16219) 

Shows the performance comparison of a 40 MHz 386 PC, 33 MHz PC, and a 20 MHz 486SX PC using both application 
benchmarks and industry standard DOS benchmark software. Window applications include PageMaker 4.0, Excel 
3.0, and Corel Draw 2.0. DOS benchmarks include Power Meter MIPs, Dhrystones, Norton SI, BYTE, PC Magazine, 
and PC Week tests. 

25 MHz Am386SX Microprocessor Performance Summary (#16411) 


Shows the performance comparison of two 25 MHz 386 PCs using the AMD Am386SX-25 microprocessor and two 
20 MHz 386SX PCs using the Intel i886SX-20. Both application benchmarks and industry standard DOS benchmarks 
are used. 

Am386 Microprocessor Family Demo Diskette (#16274) 

Graphically shows the benefits of value-added Am386 microprocessors. Emphasizes the upward growth of the 386 
market, high performance and low power of the AMD Am386 Family, and complete Intel compatibility. 

40-MHz Am386 Microprocessor Design Kit (#15689) 

Aturnkey development kit speeds to market and reduces design time of your 40 MHz Am386DX/DXL microprocessor- 
based computers. The kit contains complete design documentation from AMD and chip-set manufacturers to phase 
the 40-MHz PC into production. 

Am386DXL Notebook Design Kit (#15911) 

A low-power notebook design demonstrating advanced power-management techniques for maximizing battery life. 
This 32-bit evaluation kit is a true 32-bit AM386DXL microprocessor motherboard. 

Am386SXL Notebook Design Kit (#15910) 

Asmall-form-factor, medium-performance, non-cache, AM386SXL microprocessor-based motherboard design. This 
low-power design demonstrates advanced power-management techniques maximizing PC battery life. 

“A486SX vs. Am386-40—The 486 Falls Short” (#15964) 

Am386 Family article reprint from BYTE Magazine, June 1991. 


“Having the Marketing Gurus Gone to Far?” (#15965) 
Am386 Family article reprint from Microprocessor Report. 


80286/AMD 80C287 Literature 


80C286/AMD 80C287 Programmers Reference Manual (#14554) 


Includes an introduction to the 80C286 and AMD 80C287 math coprocessor features, operations, and architectures, 
including detailed information on memory segmentation, registers, addressing modes, andthe 80C286 instruction set. 
This manual is aimed at system programmers and focuses onthe advanced architectural features of the 80C286 when 
in protected mode. 
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AMD 80C287 Demonstration/Games Disk (1#4709) 

APC/AT diskette to aid evaluation of the AMD 80C287 math coprocessor. The disk contains benchmark performance 
data, fractals, and games. 

Fusion286 Catalog (#13052) 

Provides information on AMD and third party support tools that speed your 80286 microprocessor-based product to 
market. Includes products from over 20 expert suppliers of personal computer solutions, including hardware/software 
development tools, system support products, and manufacturing support tools. 

AMD 80C287 Coprocessor Performance Benchmarks Application Note (#12640) 

Benchmark analysis of the AMD 80C287 math coprocessor running PC Magazine floating-point benchmarks, 
HLBENCH floating-point benchmarks, and Whetstones benchmark. 

Battery Life Benefits of the AMD 80EC287 Math Coprocessor Application Note (#12911) 


Battery life testing benchmark comparison of the AMD 80EC287 math coprocessor vs the Intel 80C287A using the 
Zenith Supersport/286 laptop computer. 


Am286ZX/LX Literature 


Am286ZX and Am286LX Integrated Microprocessor Brochure (#15382) 

An overview of the Am286ZX integrated microprocessor. Includes a description of AMD’s Mercury/286ZLX 
demonstration board. 

Am286ZX/LX Technical Manual (#15620) 

Includes an introduction to the Am286ZX integrated microprocessor’s features, operations, and architecture. It also 
includes standard peripheral, system control logic, and AT support logic details as well as bus, BIOS, and system 
configurations. 

Mercury/286ZLX Development Kit (#15343) 


A turnkey development kit to reduce design time and make Am286LX integrated microprocessor product evaluation 
and software development easier. The kit contains complete design documentation to help you access methodology 
and performance, and to phase the Am286LX microprocessor into production. 


“Destination Laptop” (#15775) 
Am286ZX article reporting from BTYE Magazine, February 1991. 


“AMD 286ZX Combines 286 and PC System Logic (#15391) 
Am286ZX article reprint from Microprocessor Report, October 3, 1990. 


“The One-Chip PC Makes Bullding Systems a Snap” (#15385) 
Am286ZX article reprint from Electronic Design, September 27, 1990. 
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- Sales Offices 


North American 
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CALIFORNIA, 
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Sacramento(Roseville) .............. ce eessesseeseeeeee (916) 786-6700 
SAN DIGGS acess tevesveesssepsviarnnncouiarnde hie: (619) 560-7030 
SAN JOGO siy.cs55 ssc czas zasespsveavans ivtateresteaocecasaanseess (408) 452-0500 
Woodland: Hills vics.cciscccccicscssccsccenctessissecdessecsseats (818) 992-4155 
CANADA, Ontario, 
WAM e ei ievceissstncrieahaiecnsnseptiativahnieani nee eee (613) 592-0060 
Willowdale .0............cccccsssscssseecsrsccssssecsecesenesesses (416) 224-5193 
COLORADG si iscocs 5 ilicce hed. 8 vaiccnien eel aeteaenateeces (303) 741-2900 
CONNEC TICU To sncsasecsasseocsseateissvennsensseccstttesuenecsat (203) 264-7800 
FLORIDA, 
CIO AKWENGI cccacsescdccesencesseseUecresadsdivearsewdtasateveievets (813) 530-9971 
Ft: GAvGerdale + iscsi netecriaweawnmians (305) 776-2001 
Orlando (LONQWOO)...............ccssscesscteceseteeceens (407) 862-9292 
GEORGIA a cecgcacesen leew gaa ah (404) 449-7920 
PAO ia sia So desasccavevicecdce Rcet cards isp evaesiaadabesdanaees (208) 377-0393 
ILLINOIS, 
Chicago (Itasca) oo... eceesteeesceeseeeeeesseens (708) 773-4422 
Naperville iii cccssssssnccasosisscccesastiasscccssscseweccessvavsaedes (708) 505-9517 
MARY UAN D wsissasvecanticscdisusinteaess Gwacidexndociniens (301) 381-3790 
MASSACHUSETTS ...........:ccesscsssssesseecessseessseceenees (617) 273-3970 
WAN NSO UA estat sacctecensntateserepstsanceoeantaveanceamaivers (612) 938-0001 
NEW JERSEY, 
CHOI Allies acteashtenncirenGennniess (609) 662-2900 
Pals DD ODY cg. sistas denn ase: (201) 299-0002 
NEW YORK, 
LIVOI DOOM sists cin csscaedinnes steven arteries aoseinedents (315) 457-5400 
BIOWSION ifc.2 0) citivnrs cieutnteaeasceianss (914) 279-8323 
PROCNOGION -sscssescscsciescusssatavsanesothaveesteanccxatecssancets (716) 425-8050 
NORTH CAROLINA 
PIARTIS DUNG oiisacccseces Sctwacueedsbetcnceentitucasedepadveadenancees (704) 455-1010 
PRG OUI anced stcccaceeecevactvesactacetasamyesorodavuneceecieeees (919) 878-8111 
OHIO, 
Columbus (Westerville) .................ccescecsseeeeenes (614) 891-6455 
DAV IOR sc vecsscescicwses eligi eheacsteadelec tus ina eecacass (513) 439-0268 
OREGON  iccrs soachvaneitiasconsatettnacanse fobesssedeetceandnse (503) 245-0080 
PENNSYLVANIA ...... ec cceeessseeereeessteeseeeesseeees (215) 398-8006 
TEXAS, 
PRS UN Ss Sects ores ateattes tseacnsiteeie dk ooh caaebenaiteds (512) 346-7830 
DBAS cescesctevactsl hes eeecreei ast Gntaenaearcsnae shea (214) 934-9099 
FIQUSION fo5ci5 tiocasces<euttueninneses sisseseslcadalvccuiaenn (713) 376-8084 
TA sc tecanerest perl ie decennl oerapeatioctiternes es aeseacad eaves (801) 264-2900 
International __.___———>—ESEEE—FFFFFsSsSSSSCFSFSFSF 
BELGIUM,Antwerpen ...... fh Serer nee mere eee (03) 248 43 00 
PAX este deteonersotatesusacess (03) 248 46 42 
FRANCE, Paris ................ ee reduaciecctasasantheetoceauete (1) 49-75-10-10 
PAK cscs aides kegteetneves (1) 49-75-10-13 
TLS ae cpatectcteeercdweatcowasiue Cease 263282F 
GERMANY, 
Bad Homburg ............... SEL Gattnetsemateceeneeess (49) 6172-24061 
PAM saccenstinedtanadt (49) 6172-23195 
MUnchen ............::cecceeee THEE. cashernasushonaieabseepeetiouenie (089) 4114-0 
AX oc sieeve eassadessactiaios (089) 406490 
i i ©, Gearsen eee te nertany heen rn Cn §23883 
HONG KONG.) .............000008 ff =) rere eee eons (852) 865-4525 
Wanchai PAK tet cccsleansse site tieaslsa: (852) 865-1147 
Bi Coenen myer aerne 67955AMDAPHX 
ITALY, Milano................... i f= arene orn erent tenes ses eee (02) 3390541 
iia hdveca RA avasseawabecvaoataare (02) 3533241 
FAX encctessaveccssszsnatvondetass (02) 3498000 
a PWUEN, 2 ondeclavette lekeasetesaeks oad: 843-315286 
JAPAN, 
Atsu) ........cccceecseceneee Bt = Eee eer eee ner (0462) 29-8460 
FAA ele ithe eds tehetuestests (0462) 29-8458 
Kanagawa .............cs0008 i = Reon comer ee tenn (0462) 47-2911 
PAK so ctisictuaeasctedetsrwces (0462) 47-1729 











International (continued) 


TORY Os ccdesetcrensaascesensces HEE, sitenwiatasaydeauctstes (03) 3346-7550 
PAK cities (03) 3342-5196 
1 ©, Goer ye ne J24064AMDTKOJ 
OSB icc, asess escueateseiers gy al Rea ee eee ern eee (06) 243-3250 
AN sed cies ps caatoteesiarasetes 06) 243-3253 
KOREA, Seoul.................. Ee Geel tite en autedeneiars (e 2-784-7598 
PAX a Sciscniietiavnwirs 82) 2-784-8014 
LATIN AMERICA, 
Ft. Lauderdale ............. i = Beer rom rere (305) 484-8600 
FAX octet (305) 485-9736 
i, Gelernter 5109554261 AMDFTL 
NORWAY, Oslo area ....... WE ites erences 02) 53 13 24 
(Hévi k) EADS csc svoateaeunegeoiscatenen 02) 58 22 62 
DEK ass Aoctsinae day Sone tiemais 79079 
SINGAPORE ...............000 i] =| We eeeieeentenr tere ore oreo 65) 3481188 
PAX jo cesistetics ncteera cee ade 65) 3480161 
TEX esata Genser oeteant 55650 AMDMMI 
SWEDEN, 
Stockholm area ........... NE eas eee (08) 98 61 80 
Bromma) PAK ciatrssencusseeien (08) 98 09 06 
TAIWAN, Taipei ............... i | See ree emerenrer ade b. 7213393 
PAX cxciess Oactagiess 886) 2-7723422 
UNITED KINGDOM, 
Manchester area ......... PEEL sc psedeseteneteatxiecsnetees 0925) 828008 
(Warrington) BAK fase ea sinacsiews 0925) 827693 
UL R, Gen reteresene re emer ee eirneeney 851-628524 
London area ................ bi | SEG nn een ee (0483) 740440 
(Woking) FAX se csseccetseter cesta, 0483) 756196 
TU etineci de ccciesneeeececes 851-859103 
North American Representatives_____ 
CANADA 
Burnaby, B.C. - DAVETEK MARKETING ........... (604) 430-3680 
Kanata, Ontario - VITEL ELECTRONICG........... (613) 592-0060 
Mississauga, Ontario - VITEL ELECTRONICS.. (416) 676-9720 
Tes uebec - VITEL ELECTRONICS ......... (514) 636-5951 


a Sone - INDUSTRIAL REPRESTATIVES,INC (708) 967-8430 
Huntington - ELECTRONIC MARKETING 


CONSULTANTS, INC ......... ccc cccccccsseescesseeceeees (317) 921-3450 

Indianapolis - ELECTRONIC MARKETING 
i a LT ANTS (NG wcsiecsccscciesnceotteetexdeastedeortes (317) 921-3450 

LORENZ SALES cenacintet iain (319) 377-4666 
KANSAS 

Merriam — LORENZ SALES ............ eee (913) 469-1312 

Wichita — LORENZ SALES... eeeeeees (316) 721-0500 
KENTUCKY 

ELECTRONIC MARKETING 

CONSULTANTS, INC uo cccceseeecesseeeene (317) 921-3452 
MICHIGAN 

Birmingham - MIKE RAICK ASSOCIATES. ....(313) 644-5040 

Holland —- COM-TEK SALES, INC ......... (616) 392-7100 

Novi — COM-TEK SALES, INC... ee (313) 227-0007 
MINNESOTA 

Mel Foster Tech. Sales, Inc. ...........0. ee (612) 941-9790 
MISSOURI 

LORENZ SALES Annee ee ee (314) 997-4558 
NEBRASKA 

LORENZ SALES oo. oceecccce cece csescscersssessssenees (402) 475-4660 
NEW MEXICO 

THORSON DESERT STATES ...............ceee (505) 883-4343 
NEW YORK 

East Syracuse — NYCOM, INC ...... ee (315) 437-8343 

Woodbury —- COMPONENT 
Sao PINTS ING ooo tess ote tener hast (516) 364-8020 

Centerville - DOLFUSS ROOT & CO............. (513) 433-6776 

Columbus — DOLFUSS ROOT & CO............. (614) 885-4844 

Westlake — DOLFUSS ROOT & CO................ (216) 899-9370 
OREGON 

ELECTRA TECHNICAL SALES, INC.............. (503) 643-5074 
PENNSYLVANIA 

RUSSELL F. CLARK CO.,INC. ....... (412) 242- 9500 
PUERTO RICO 

COMP Bel ASSOC, INC oo eeeeeeneees (809) 746-6550 
WASHINGTO 

ELECTRA TECHNICAL DALES cxejsctevarnsaciensd (206) 821-7442 
WISCONSIN 

Brookfield-INDUSTRIAL 

REPRESTATIVES. INC ..............sccesccsseeseeesecesees 414) 789-9393 





Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance 
characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details, 
contact your local AMD sales representative. The company assumes no responsibility for the use of any circuits described herein. 
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